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ABSTRACT
Wastewater often creates nuisance odors. Effectiveness o f Calcium Nitrate (trade name 
Bioxide) to control odors was investigated in the collection system o f Clark County Sanitation 
District over a three month period in the summer of 1993. Bioxide feed stations were set up on 
the nine sewer lines which exhibited highest sulfide concentrations, several miles from the treatment 
plant. Total sulfide, free sulfide, residual nitrate concentrations, pH and temperature were measured 
at manholes on each sewer line before reaching the treatment plant and also at the headworks in 
the treatment plant at various times o f the day. Sulfide concentrations were generally reduced to 
less than 0.1 ppm in all Bioxide-treated sewer lines and also at the headworks. Odor complaint 
frequency went down with Bioxide treatment. Bioxide is non-hazardous and easier to handle when 
compared to other chemical oxidizers used to control H2S.
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CHAPTER I
INTRODUCTION
Wastewater often creates nuisance odors. Odors escaping from the manhole covers, vents, 
and any other openings in the sewer system are the cause of odor complaints. Expanding residential 
development, near wastewater treatment plants, accompanied by increased public sensitivity, has 
sharpened the attention focused on wastewater odors.
Hydrogen sulfide (H2S) gas is the major source o f odors and corrosion in sewers. 
Generally, sulfides in wastewater are controlled using either oxidizing agents such as air, pure 
oxygen, hydrogen peroxide (H 20 2), nitrate salts, chlorine (Cl2), and potassium permanganate 
(K M n04), or by precipitating sulfides using metal salts. The principal objectives o f this research 
were to determine the effectiveness and cost o f calcium nitrate to control odors in the collection 
system o f Clark County Sanitation District.
The Clark County Sanitation District (CCSD) currently treats about 70 MGD o f raw 
sewage. CCSD has experienced numerous odor complaints in recent years as residential 
development occurred near the treatment plant. From the recommendations of a recent study done 
by Montgomery Watson on CCSD’s collection system, (Montgomery Watson, 1993) a pilot study 
was commissioned to control odors using nitrate. CCSD engaged the services o f Davis Water and 
Waste Industries Inc. (DAVIS) to provide calcium nitrate solution (trade name Bioxide) and dosing 
equipment. The Bioxide trial started on June 21, 1993 and ended on August 4, 1993. LTNLV Civil 
Engineering provided analytical support and data reduction and interpretation services during this 
project.
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NOTES
Montgomery Watson, Collection System Odor Control Pilot Project fo r  Clark County Sanitation  
District, Technical Memorandum No. 2.05, March, 1993.
CHAPTER 2
LITERATURE REVIEW
Wastewater odors are caused by either inorganic gases or organic vapors. Both inorganic 
gases and organic vapors result due to biological activity in the wastewater collection system, but 
the latter may also result from direct additions of waste chemicals from industry. The inorganic 
gases include hydrogen sulfide (H2S), ammonia (NH3), carbon dioxide (C 0 2), nitrogen (N,), oxygen 
( 0 2), and hydrogen (H2), of which only H,S and NH3 are malodorous. The organic vapors include 
methane (CH4), mercaptans, indoles, scatoles, and various other nitrogen and sulfur-bearing organics 
(Dague, 1972). H2S is the most commonly known and prevalent odorous gas associated with 
domestic wastewater collection and treatment systems.
In the biochemical oxidation o f  organic matter, bacteria gain energy by removing hydrogen 
atoms from organic molecules. Through a series of biochemical reactions, the hydrogen atoms are 
transferred to a hydrogen acceptor during respiration. The following reactions show the possible 
hydrogen acceptors and the products o f hydrogen addition (USEPA, 1985).
1. 0 2 + 4H+ + 4e' ->  2 H ,0  (2.1)
2. 2 N 0 3‘ + 12H+ + 10e' -> N, + 6H20 (2 .2 )
3. S 0 4“ + 10H+ + 8e' ->  H2S + 4 H ,0 (2.3)
4. Oxidized organics + xH+ -> Reduced organics (2.4)
5. C 0 2 + 8H* + 8e' -> CH4 + 2 H ,0 (2.5)
3
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Reactions 1,2 and 5 result in odorless products. Reaction 3 results in the malodorous H,S,
and reaction 4 may result in odorous products, such as mercaptans. Reaction 1 is the only aerobic
reaction. All others (2-5) are anaerobic and occur only when oxygen is absent or limited. Bacteria 
will use the hydrogen acceptors preferentially in the order given in the reaction list, i.e., oxygen 
first, nitrate second, sulfate third.
Sulfide Production
Sufficient sulfur is normally available in domestic wastewater in the form o f inorganic 
sulfates, and sulfides such as mercaptans, thioethers, and disulfides. The sulfate ion (S O /)  is one 
o f  the major anions occurring in natural waters and could be in the drinking supply. Sulfate is also 
produced during the decomposition o f urine (Henry and Gehr, 1980).
In the absence o f dissolved oxygen (DO) and nitrates, bacteria (species, Desulfovibrio) 
reduce S O /  to H,S.
S O /  + 2(organic matter) + 2 H ,0  -> H,S + 2H C 03‘ (2.6)
H2S has a characteristic rotten egg odor and has a very low odor threshold (concentration
o f an odorous gas that can no longer be detected when the gas is diluted with odor-free air) o f
0.00047. It is colorless and flammable. If humans are exposed to H,S for 1.5 to 2 minutes at 
0.01% (100 ppm by volume), H2S will impair their sense of smell. If exposed at 0.2% (2000 ppm 
by volume) H2S will cause death in a few minutes (USEPA, 1985).
Most o f  the sulfate reduction in sewers occur in the biological slime layer on the pipe wall 
or in sludge and silt deposits on the pipe invert (Figure 1). The slime layer consist o f a matrix of 
filamentous microbes and gelatinous material embedding various smaller bacteria. Nutrients and 
sulfate diffuse from the wastewater into the slime layer. Usually, oxygen cannot penetrate the entire 
layer, leaving an inert anaerobic zone next to the pipe wall where the sulfides are formed. H;S
Headspace
Wastewater level
Figure 1. Cross-section of a sewer
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H2 S flux to pipe wall 
Oxidation to H^SO^
Air
H2 S entering the air
Pipe Wal
Oxygen entering the water
Wastewater
Dissolved oxygen < 0.1mg/l 
Dissolved sulfide present, flS + H2 S
CO '
Depletion of O2  in the laminar layer
Diffusion of SC^ and nutrients --------
Diffusion of sulfide into the stream
Slime layer
Figure 2. Processes occuring in sewers under sulfide buildup conditions (USEPA, 1974).
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produced diffuses from the slime layer back into the wastewater stream (Figure 2). Under 
conditions o f  low pH, H,S may transfer from wastewater into the headspace o f the sewer and 
consequently escapes through manholes causing nuisance odors (Meyer, et al, 1980).
H;S in the atmosphere can be oxidized on moist surfaces by bacteria (species, Thiobacillus) 
to produce sulfuric acid.
H,S + 2 0 ,  -► H ,S 0 4 (2.7)
Sulfuric acid is a strong acid and it attacks the concrete o f pipe lines, manholes, and also 
any exposed metal parts, causing severe corrosion (Meyer, et al, 1980).
The other major source o f H,S is the degradation o f organic matter, especially protein. The 
hydrolysis o f  protein, leading to the formation o f amino acids cystine and methionine, and hence 
H,S, occurs under anaerobic conditions by the action o f proteolytic bacteria such as E. coli, Proteus 
vulgaris, and Pseudomanus aeruginosa (Henry and Gehr, 1980).
Factors Contributing Sulfide Generation
Dissolved oxygen : The critical range o f dissolved oxygen concentration in the wastewater below 
which sulfate reduction can occur is 0.1 to 1.0 mg/1. Oxygen is gained primarily through reaeration 
at the stream surface and through turbulence induced by junctions, drops, hydraulic jum ps and other 
places where air and wastewater mix (USEPA, 1985). The rate o f oxygen absorption depends on 
the surface width of the wastewater stream. Oxygen transfer can be inhibited by poor ventilation 
o f  the collection system (Marshall and Batis, 1993).
Flow velocity : When wastewater velocity is less than the scouring velocity (typically 1.3 - 1.4 
fit/s), deposition o f organic solids may occur, thus leading to conditions which favor sulfide 
production. High velocities tend to reduce the thickness o f the slime layer due to increased shear 
(USEPA, 1985).
pH : The optimum pH range for sulfate reducers is 7.5 to 8.0. H2S, once generated in wastewater, 
ionizes to form hydrogen ions (H*) and two sulfide ion forms (HS‘ and S“).
H:S H* + HS' Keq = 10 7 at 25°C (2.8)
HS‘ H" + S” Keq = 10'1292 at 25°C (2.9)
An increase in H* concentration (decrease in pH) causes a shift toward relatively more H 2S 
gas. A decrease in H+ concentration causes a shift toward relatively less H2S gas. This is 
significant because only the gas (H2S) can leave the liquid phase, enter the atmosphere, and result 
in odor (Hartman and Long, 1975).
Temperature : At higher temperatures there will be greater bacterial activity and increased diffusion 
o f nutrients into the slime layer resulting in greater sulfide production. It has been reported that 
the rate o f sulfide production is increased by 7 percent/°C up to 30°C (USEPA, 1985).
Wastewater age : Longer retention times and transport times increase oxygen consumption resulting 
in anaerobic conditions due to biological metabolism o f  organic matter. These conditions favor the 
activity o f sulfate-reducing bacteria (USEPA, 1985).
Sewer slope : The flatter the slope o f a sewer, the greater the potential o f sulfide production due 
to lower velocities and longer pipe retention times (Marshall and Batis, 1993).
Odor Control Methods
Chemical addition is widely used because o f its ability to effectively treat the liquid phase.
Nitrate : Bacteria utilize hydrogen acceptors preferentially in the thermodynamic order: 0 2, N 0 3' 
and S 0 4‘. In the absence o f  dissolved oxygen, bacteria reduce nitrate to nitrogen gas (odorless) in 
preference to the reduction o f sulfate to hydrogen sulfide, thus preventing the formation o f H:S. 
The chemical reaction for reduction o f nitrate is:
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2NO,- + 12H* + 10e‘ -> N, + 6H20  (2.10)
Nitrate is available in a variety o f dry and liquid forms, mostly as sodium or calcium 
nitrate. In previous trials, about 10 parts o f nitrate were required for every part o f sulfide 
eliminated (USEPA, 1985).
Sodium nitrate was effectively applied in Coney Island Creek tidal basin adjacent to New 
York City. Chlorinated lime was strewn over the surface o f the water to neutralize as much o f H2S 
as possible and then N aN 03 was added. Even the mud banks seemed to be deodorized (Carpenter, 
1932, cited in Heukelekian, 1943).
Sodium nitrate was also successfully applied to the Androscoggin River at Lewiston, 
Maine. During 44 days in summer o f  1949, 641.5 tons o f N a N 0 3 was added to the river. The 
sulfide concentration in the river was reduced to 0.01 ppm and H2S odor in the air was not detected 
by an experienced observer from the bridges over the canals or river, or in the downtown areas at 
any time during the period o f control (Lawrence, 1950).
Sodium nitrate was used in odor control at Houston, Texas. In April 1953, N aN 0 3 was 
added to the sewage at various pumping stations along the trunk sewer. Approximately 10 lb o f 
N aN 0 3 were used for each pound o f  sulfide normally present in the sewage. In this particular 
system it was estimated that complete and continuous abatement would cost about $40,000 per year, 
or an amount equal to about 25% o f the total operating cost o f  the activated sludge treatment works. 
Because o f high costs, this method was not accepted as standard operating practice (Bryan, 1956).
Sodium nitrate was applied to ponds of Davis Cannery at Atwater, California in 1958. It 
was discharging 0.74 MGD o f wastewater from the canning o f peaches, with an average BOD of 
300 mg/1 to ponds where high sulfide concentrations were developed. 1,000 lb/day o f  N aN 0 3 was 
added to the cannery effluent reducing the sulfide concentrations in the ponds to 0.0 mg/1 in day 
time, with a maximum o f 0.3 mg/1 in the early morning (USEPA, 1974).
Sodium nitrate was applied to Bergen Basin, a tidal basin adjacent to New York City. The
water contained a sulfide concentration o f 29 mg/1 at an ORP o f -370 mV. Three days after N aN 03 
addition, the sulfide concentration was reduced to 1.7 mg/1 and the ORP was increased to +140 mV. 
As long as a nitrate residual was maintained, the results showed that the ORP remained positive and 
sulfide concentrations remained at low levels (Lang, 1966).
Sodium nitrate has also been successful in controlling H,S generation in activated carbon 
columns o f  physical/chemical wastewater treatment system at Rocky River, Ohio. H2S 
concentrations in the carbon filter effluent had been measured as high as 20 mg/1. The usual range
was between 5 to 15 mg/1 total sulfides. Addition of N aN 03 to the column influent at
concentrations o f 4 to 6 mg/1 N 0 3-N effectively reduced H,S levels in the carbon column effluent
from 9.5 mg/1 to less than 1 mg/1 within 2 hours (Moss, et al, 1977).
Sodium nitrate was successfully used to control H2S generation in granular activated carbon 
columns o f  Los Angeles County Sanitation District’s Advanced Waste Treatment Facility in 
Pomona, California. Total sulfide concentration o f column effluent ranged from 1.0 to 5.7 mg/1 and 
averaged 2.4 mg/1. By trial and error, it was found that the continuous addition o f  nitrate to the 
carbon column influent at the dosage o f 5.4 mg/1 N completely inhibited sulfide generation in the 
carbon column (Directo, et al, 1977).
Sodium nitrate addition has been effective in reducing H,S emissions from trickling filters 
utilized at the 36 MGD King’s Landing wastewater treatment plant in Rochester, New York. 
Atmospheric H2S concentrations above the trickling filters were as high as 20 ppm. Average 
influent sulfate (S 0 4") concentration was approximately 200 mg/I. It was found that addition of 
approximately 5 mg/1 of N 0 3-N to the trickling filter influent was sufficient to reduce H2S emissions 
to an average o f  about 4 ppm (Lorgan, et al, 1978).
Sodium nitrate was also effective in a sludge storage lagoon o f the Tennessee Eastman 
C o.’s industrial activated sludge wastewater treatment system. The four lagoons had a storage 
volume o f 475,000 m3. The waste sludge contained approximately 1000 mg/1 dissolved sulfate. 
Results from the field application o f a waste N aN 0 3 solution (40% NaNQ3) indicated that an initial
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dose o f 20,000 mg/1 N 0 3-N was needed to satisfy the initial nitrate demand and provide a nitrate 
residual. Oxidation reduction potential (ORP : a general measure of the relative concentrations of 
oxidants [oxygen, nitrate] and reductants [sulfides, ammonia, organics] in a system) was used as 
a measure o f the potential for odor emissions. After 3 months o f nitrate addition, ORP values 
gradually rose from -200 mV (microbial reduction o f sulfate is favored at an ORP o f -200 mV to - 
300 mV (Eliassen, et al, 1949)) to over +200 mV and thus sulfide odors were controlled (Poduska 
and Anderson, 1981).
Sodium nitrate has been used in Bluff Cove force main, Los Angeles, California. It is a 
12-in diameter, 1,965 fit long force main, that had a 90-minute detention time at an average flow 
o f 130 gpm. Sulfide was normally 0.6 mg/1 at wet well, and 4.0 to 5.0 mg/1 at the force main 
discharge. Addition o f 27 mg/1 o fN a N 0 3 reduced sulfide in the force main discharge to about 2 
mg/1, while doses o f 50 mg/1 or greater reduced sulfides to approximately 1 mg/1. It was concluded 
in this study that nitrate addition had limited utility in controlling sulfides in wastewater collection 
systems, and may be o f practical value only when sulfide concentrations are high (Pomeroy, et al, 
1985, cited in USEPA, 1985).
Air-Oxygen injection: Addition of air or oxygen increases the dissolved oxygen concentration in 
the wastewater, thus preventing sulfide generating anaerobic conditions and biochemical oxidation 
o f existing dissolved sulfides. Using pure 0 2, one can achieve five times the DO concentration in 
water than could be achieved with air (USEPA, 1985). The relevant chemical reactions are:
2H,S + 0 2 -> 2H20  + 2S° (2.11)
H2S + 2 0 2 -► 2ET + S O / (2.12)
In Port Arthur, Texas, direct injection o f compressed air was tried in a force main of 
diameter 16 in, and length 3,840 ft. Total sulfide concentration at the pump station was 1.4 mg/1. 
Air input o f 100 cfm resulted in a total sulfide concentration of 0.1 mg/1 at the force main
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discharge. Direct oxygen injection was also tried in a force main o f diameter 16 in, length 3,850 
ft, and flow 1.7 MGD. Total sulfide concentration at the wet well was 2.0 mg/1. Oxygen input at 
the rate of 6.0 cffn resulted in a total sulfide concentration o f 0.1 mg/1 at the end o f force main 
(Sewell. 1975, cited in ASCE, 1989).
Chlorine: Chlorine is a strong oxidizing agent, disinfectant and a bactericide. It inhibits the growth 
o f  sulfate-reducing bacteria (Dague, 1972). Chlorine may be added as hypochlorite or Cl- gas. 
Addition of Cl, to wastewater results in OCT production. This radical in turn reacts with H ,S to
form sulfur (pH < 7.5) or sulfate (pH > 7.5). The relevant chemical reactions are:
Cl, + H ,0  <-> 2H 1' + OCT + CT (2.13)
H2S + OCT -> S° + H ,0  + CT pH < 7 .5  (2.14)
H2S + 40CT -> S 0 4‘ + 2H+ + 4CT pH > 7.5 (2.15)
Based on the stoichiometry o f the chemical reactions, 2.1 g o f  Cl, is required to oxidize 
1.0 g o f sulfide if pH < 7.5 whereas 8.4 g of Cl, is required if  pH > 7.5 (Cadena and Peters, 1988).
in Tampa, Florida, a study was conducted in a force main with flows o f 5 to 6 MGD, 
detention times o f  10 to 17 hrs, average year round wastewater temperature of 28°C. Prior to 
chlorine addition, total sulfide levels in the raw wastewater were as high as 14 mg/1. At average 
chlorine dosages of 35 to 40 mg/1, sulfide concentrations were reduced to zero at a point 4.0 miles 
downstream o f the injection point, and were reduced by about 60% at a point 8.5 miles downstream 
o f the injection point (Baker, 1979, cited in USEPA, 1985).
Hydrogen Peroxide: It is a strong oxidant. In the absence o f unoxidizable materials, H ,0 ,
decomposes to oxygen and water (Cadena and Peters, 1988). It is also a bactericide and is used 
to kill sulfate reducing bacteria (Henry and Gehr, 1980). Hydrogen peroxide oxidizes H ,S by the 
following reactions:
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H:S + H20 2 -> S° + 2H20 pH < 7.5 (2.16)
H,S + 4 H ,0 , ->  S 0 4= + 4H20  + 2H pH > 7.5 (2.17)
From stoichiometry o f the reactions, 1.0 g o f H20 2 is required to oxidize 1.0 g of sulfide 
at pH < 7.5, and 4.0 H20 2 is needed to oxidize 1.0 g o f sulfide at pH > 7.5. H20 2 decomposes to 
oxygen and water.
H20 2 was used in a 21-in. diameter gravity sewer downstream o f the end o f a 16-in. 
diameter force main o f 1 mile length in Los Angeles, California. At an average flow of 0.3 MGD 
and a detention time o f nearly 3 'A hrs, the dissolved sulfide concentration at the end o f the force 
main was 17.4 mg/1. With 41 mg/1 H20 2 added, the dissolved sulfide levels were reduced to 0.2 
mg/1 at a point 0.28 miles (15 minutes) downstream o f the end of the force main (Fong, 1986, cited 
in ASCE, 1989).
Potassium Permanganate: It is a strong oxidizing agent, which oxidizes sulfide by the following 
reactions:
Based on the stoichiometry o f  the reactions, 3.3 g o f K M n04 is required to oxidize 1.0 g 
o f sulfide if  pH < 7.5 whereas 13.2 g o f K M n04 is required if pH > 7.5 (Cadena and Peters, 1988).
K M n04 was used in Saratoga County Sewer District No. 1 in New York. It was added at 
three pump stations. K M n04 solution was then metered into the influent sewage in the wet well 
at each pump station. Approximately 125 lb/day o f K.Mn04 were used to treat less than 1 MGD 
o f sewage, and were reported successful in controlling odor problems. No data were available for 
sulfide before or after treatment (Rudolf, 1982, cited in ASCE, 1989).
Strong Alkalis: Calcium hydroxide (lime) or sodium hydroxide (caustic) are used to increase the
3H2S + 2 K M n 0 4 -»  3S° + 2H20  + 2MnO, + 2KOH pH < 7.5 (2.18)
3H2S + 8 K M n04 -»  3K2S 0 4 + 2H20  + 8MnQ2 + 2KOH pH > 7.5 (2.19)
pH. At a pH of 7.0, equal concentrations of dissolved H2S and HS' exist at equilibrium, while at 
a pH o f 8.0, only about 10% o f the dissolved sulfide exists as H:S. Since dissolved H,S is the only 
form which can be released to the atmosphere, it follows that increasing the pH would reduce odors 
and corrosion by maintaining the dissolved sulfides in the HS" form (USEPA, 1985).
Caustic was used in Omaha, Nebraska. Caustic treatment was conducted on the South 
Interceptor force main, which is 4.5 miles long, varies in diameter between 48 and 66 in., and 
receives sewage from eight pump stations. Predicted sulfide generation can be as high as 1.5 mg/1 
per hour, or more than 7 mg/1 during the 5-hr transit time. During the 1985 warm weather season, 
3,500 gal (13,250 I) o f  50% NaOH solution was added to the wet well o f the Burt-Izard pump 
station over a 20-minute interval. The dissolved sulfide concentration at the North Inlet, which is 
at the Missouri River Wastewater Treatment plant, averaged 0.4 mg/1, with peaks o f  almost 1 mg/1. 
During a six-week period from mid-September to the end o f  October, when no caustic treatment 
was conducted, dissolved sulfide concentrations rose to about 3 mg/1 (Schafer and Rockwell, 1986, 
cited in ASCE, 1989).
Metal Salts: Iron or zinc salts are used. They react with sulfide forming insoluble precipitates 
(ferrous or zinc sulfides) preventing H; S release to the atmosphere (USEPA, 1985). A typical 
reaction is:
Fe~ + HS' -► FeS + H+ (2.20)
Ferrous chloride was used in City o f Mesa, Arizona. The Southern Avenue Interceptor 
(average flow, 8.3 MGD) and the Baseline Interceptor (average flow, 12.1 MGD) which had sulfide 
levels as high as 5 mg/1 were treated. For the Baseline Road Interceptor, a dose o f 180 gpd of 
ferrous chloride reduced the average dissolved sulfide concentration at the metering station from 
1.8 mg/1 to 0.2 mg/1. For the Southern Avenue Interceptor, a ferrous chloride dose o f  50 gpd 
reduced the average dissolved sulfide concentration from 1.0 mg/1 to 0.4 mg/1 at the metering 
station (Jameel, 1987 cited in ASCE, 1989).
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Disadvantages of using chemicals o ther than n itra te
Chlorine is a hazardous material. The design of a chlorine station must recognize the need 
to make appropriate provisions for the safe handling and storage o f chlorine (WPCF, 1976, cited 
in USEPA, 1985). Another concern which has been raised is the potential formation of toxic or 
carcinogenic chlorinated hydrocarbons during wastewater chlorination (USEPA, 1985). Poor mixing 
in sluggish wastewater flows can lead to localized fuming conditions as a result o f chlorine 
overdose at the point o f injection (ASCE, 1989).
Adequate safety precautions must be observed in handling H20 2. Proper protective clothing 
and the availability o f emergency eye wash and shower facilities are necessary for maintenance 
personnel. If  H20 2 is contaminated, it will decompose and liberate large amounts o f oxygen and 
steam. Contaminants include rust, dust, dirt, metals, and various organic materials (ASCE, 1989).
K M n04 becomes unstable when contaminated with acids, other oxidizing agents, and 
organic material. Eye protection equipment, rubber gloves, and respirators should be worn when 
handling K M n04 (ASCE, 1989).
Continuous addition of strong alkalis to prevent H,S release would not appear practical due 
to potential downstream pH depression from biochemical production o f organic acids and C 0 2, and 
tributary flows o f normal pH (USEPA, 1985). Caustic is not flammable or combustible, but contact 
with water or acids may generate sufficient heat to ignite nearby combustible materials. Contact 
with certain metals, such as aluminum, tin or zinc, will evolve flammable and combustible hydrogen 
gas. Caustic is corrosive to any tissue and can cause severe bums. Proper procedures, equipment, 
and clothing should be used to prevent ingestion, inhalation, or contact with skin or eyes. 
Emergency showers and eye wash facilities are essential (ASCE, 1989).
Ferrous sulfate and ferrous chloride are mildly corrosive acid solutions that require 
precautions for handling. Ferrous solutions will stain most materials that they contact (ASCE, 
1989).
When inadequate oxygen transfer occurs, the excess gas can strip H2S from the wastewater,
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and the corrosion potential can be increased. This can occur in gravity sewers, process tanks, and 
even low pressure areas in force mains where gas pockets develop (ASCE, 1989).
Advantages of using n itra te
Nitrate solutions are generally non-hazardous, non-flammable, and have a very low 
reactivity. They usually don’t require any safety devices. They do not produce any additional 
sludge (Montgomery Watson, 1993): Nitrate addition can be effected by simple, low cost pumping 
systems (USEPA, 1985).
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CHAPTER 3
MATERIALS AND METHODS
Bioxide Feed Site Locations
A field survey was conducted by CCSD maintenance personnel and Davis Water and Waste 
Industries Inc. (DAVIS) in Spring 1993, and nine sewer lines which exhibited the highest sulfide 
concentrations were selected for Bioxide treatment (Figure 3). Bioxide feed stations were set up 
on these sewer lines several miles from the treatment plant and each line was tested for sulfide and 
nitrate concentrations before reaching the treatment plant.
Table 1. Summary of feed site locations.
Sewer line Diameter
(in.)
Bioxide Add point Test
point
Distance (add-test) 
(mi.)
Sloan 21 SLI 64 SL3 5.15
ELV 1 18 force Silver Bowl Berm 3.7
ELV 2 18 force Trop. & Miss. Berm 1.0
Nellis 39 N. Charleston NB8 2.0
Karen 39 KA81A NFK14 4.9
Twain 45 T48 T3 4.25
Mtn. Vista 48 EP40 SR3 1.6
SPA 30 PSP41 WSP15 6.3!
Desert Inn - E. Sandhill - -
SLOAN LINE: Bioxide feed station was located near Sunkiss and Sunrise View streets. It is a 21" 
line. Bioxide was metered through manhole SLI64. The wastewater samples were taken from
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manhole SL3. The distance from the feed station to the test point was 5.15 miles.
EAST LAS VEGAS 1 & 2 LIFT STATION LINES: These are 18" force mains. ELV 1 line
Bioxide feed station was located near Silver Bowl Sam Boyd stadium. ELV 2 line Bioxide feed 
station was located near Tropicana' Ave and Missouri street. The wastewater samples were taken 
at the berm (near the wastewater treatment plant). The distance from the feed station to the test 
point was approximately 3.7 miles in case of ELV 1 line and 1.0 miles in case o f ELV 2 line.
NELLIS LINE: Bioxide feed site was located north of Charleston Blvd at the Fire station. It is a
39" line and Bioxide was fed through laterals. The wastewater samples were taken from manhole 
NB8. The distance between the feed station and the test point was 2.0 miles.
KAREN LINE: Bioxide feed station was located between the El Rancho Casino and the W et’n 
Wild Theme Park. It is a 39" line. Bioxide was metered through manhole KA81A and the 
wastewater samples were taken from manhole NFK14. The distance from the feed station to the 
test point was 4.9 miles.
TWAIN LINE: Bioxide feed site was located near Katie and Algonquin streets. It is a 45" line 
and Bioxide was fed through manhole T48. The wastewater samples were taken from manhole T3. 
The distance between the feed station and the test point was 4.25 miles.
MOUNTAIN VISTA LINE: Bioxide feed station was located near Lamb Blvd and Reno street. 
It is a 48" line. Bioxide was fed through manhole EP40 and the wastewater samples were taken 
from manhole SR3. The distance from the feed station to the test point was 1.6 miles.
SPA LINE: The Spa line Bioxide feed station was located behind the Paradise Spa on Las Vegas 
Blvd South. It is a 30" line and Bioxide was metered through manhole PSP41. The wastewater 
samples were taken from manhole WSP15. The distance between the feed station and the test point 
was 6.31 miles.
DESERT INN LINE: Bioxide feed station was located east o f  Sandhill Rd and Desert Inn Rd at 
an old fire station. Bioxide was fed through laterals. It was a back up station. There was no 
sampling point and the feed rate in this station was increased to account for extra sulfide 
concentrations generated if  Nellis or Karen or Twain lines were temporarily shut down.
Bioxide Feed Stations
Bioxide was stored in molded high density cross-linked polyolefin tanks of 1500 and 4400 
gallons capacity. Bioxide was metered into the sewer lines via variable stroke, positive 
displacement bellow pumps (Figure 4). The run time o f these pumps was controlled by a timer to 
match feed to established flow rates and expected sulfide concentrations o f  wastewater streams to 
be treated. The control unit was activated and programmed by a 96 position, 15 minute increment 
timer which enables system pumps to automatically turn on and off by timed cycle. The system 
required 115 volt, 60 Hz, 15 amp, single phase electrical service. It consisted o f valves and piping 
for dosing (Davis Water and Waste Industries Inc. Technical Manual).
BIOXIDE: It is a proprietary calcium nitrate solution marketed by Davis Water and Waste
Industries Inc. (DAVIS). The main constituent o f Bioxide is nitrate oxygen (N 0 3-0 )  which is used 
by bacteria as part o f their metabolism. It has 40-70% o f water by volume. It is non-hazardous. 
Davis Water and Waste Industries Inc. (DAVIS) claim that bacteria, likely Thiobacillus 
denitrificans, utilize the nitrate oxygen as part o f their metabolism to oxidize H2S to sulfate and 
produce nitrogen gas by the following overall reaction:
8NOj- + 5H2S -> 5 S 0 4" + 4N2 + 2H+ (3.1)
From the stoichiometry, 2.4 lb nitrate oxygen (N 0 3-0 )  is required to oxidize 1 lb o f sulfide 
(S '). The calcium nitrate solution locally contained 3.5 lb o f nitrate oxygen (N 0 3-0 )  per gallon. 
Hence, 1 gallon o f Bioxide solution could neutralize (3.5/2.4 = ) 1.46 lb o f  sulfide. As this is a
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biochemical process rather than strictly a chemical process, reaction time is not instantaneous. 
Typically, two hours’ residence time is required for complete uptake o f Bioxide by bacteria 
(Hunniford, 1990).
M easurem ents
The measurements o f total dissolved sulfide concentration (H2S + HS' + S=), free sulfide 
concentration (H2S), residual nitrate concentration, pH, and temperature were taken at the test points 
on each sewer line before flow reaches the treatment plant, and also at the treatment plant 
headworks (in front o f  bar screens) at various times in a day. The measurements at the treatment 
plant headworks were taken in one-hour intervals from early morning until afternoon. The 
measurements were taken with Bioxide treatment (Jun. 21 - Aug. 3) and without Bioxide treatment 
(Aug. 4 - Sept. 3). Bioxide treatment was not stopped for the Spa line throughout the study. The 
following tests were performed for these measurements.
Total Dissolved Sulfide: A LAMOTTE test kit using the methylene blue method was used. About 
7.5 ml o f  wastewater sample was placed in each o f the two test tubes (#1 and #2). Test tube #1 
was given 0.5 ml o f  solution #1 and test tube #2 was given 0.5 ml o f solution #2. About 2 drops 
o f  solution #3 was given to each test tube. After shaking and letting them to stand for 1 minute, 
a blue color would develop in test tube #1 indicating the presence o f sulfide. About 1.6 ml of 
solution #4 was given to each test tube. After shaking and letting them stand, test tube #2 was 
titrated with solutions #5 and #6 until the blue color in test tube #2 matched the blue color in test 
tube #1. Each drop o f solution #5 equalled 1.0 ppm sulfide and each drop o f  solution #6 equalled 
0.1 ppm sulfide. Total sulfide concentration (ppm) was the sum of number o f drops o f  solution U5 
multiplied by 1.0 and number o f drops o f  solution #6 multiplied by 0.1. The kit had a range o f  0- 
20 mg/1. (Solutions #1, #2, #3, #4, #5, and #6 are amine-sulfuric acid reagent, 1 + 1 sulfuric acid, 
ferric chloride, diammonium hydrogen phosphate, methylene blue solution I and methylene blue
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solution II, respectively) (APHA-AWWA-WPCF, 1989).
Free Sulfide: A Davis Water and Waste Industries Inc. (DAVIS) hydrogen sulfide test kit (Cat. No. 
25379-00) using aeration was used. About 100 ml of wastewater sample was taken in a test bottle 
with built-in air tube. A pale blue test paper (paper treated with copper sulfate) held by a plastic 
ring cap was capped to the bottle. A battery operated aerator with flexible tubing was attached to 
the bottle. The aerator was run for 1 minute, bubbling air through the sample which drives all of 
the H,S present in the sample into the air space above the sample where it reacted with the test 
paper, turning it dark. The darkened test paper was compared to a color chart to determine the 
concentration o f free H2S in the wastewater sample. The kit had a usable range o f  0-5 mg/1.
Sulfide ion: A GASTEC Detector Tube N. 2 1 1L was used. Wastewater sample was taken in a 100 
ml capacity beaker. Each end o f the glass detector tube was broken and the filled end o f the tube 
was placed in the sample. Due to capillary action the sample raised through the white reagent (lead 
acetate) turning it to brown color indicating the presence o f sulfide ion (S=). The tube was removed 
when the sample raised up to the upper end plug. The reading on the graduated detector tube was 
taken (height o f brown color column). The kit had a range o f 1-100 ppm.
H-,S gas: A GASTEC H,S meter was used to determine the concentration o f H2S in the sewer 
headspace in a manhole. Only the Karen line was tested for H2S gas.
Nitrate: A HACH nitrate test kit (model NI-14, Cat. No. K.14161-00) was used. About 0.5 ml of 
wastewater sample was placed in one o f the color view tubes. The contents o f a NitraVer 6 reagent 
powder pillow were added to the sample, stoppered and shaken for 3 minutes. After letting it stand 
for 30 seconds, the unoxidized particles o f cadmium metal remaining in the sample had settled to 
the bottom o f the tube. The sample was then poured into another color viewing tube carefully so 
that the cadmium particles remained in the first tube. The contents o f a NitraVer3 nitrite reagent 
powder pillow were then added, stoppered and shaken for 30 seconds. After letting it stand for at
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least 10 minutes, a red color would develop, indicating the presence of nitrate. This tube was 
placed into the right top opening of the color comparator. The first tube was rinsed and filled to 
the mark with the original wastewater sample and placed in the left top opening o f the color 
comparator. The comparator was held up to the sky or a white background and viewed through the 
openings in front and by rotating the disc until a color match was obtained. The reading on the 
scale window, mg/1 nitrate nitrogen (N) was taken. To obtain the results as mg/1 nitrate (N 0 3) the 
reading on the scale was multiplied by 4.4. The kit had a range o f 0-10 mg/1.
pH and Temperature: A FISHER SCIENTIFIC Accumet series 1000 pH meter was used. First the 
on/off key was pressed to turn the meter on. Then the pH key was pressed to place the meter in 
pH mode. The main display showed the pH reading and, with the automatic temperature 
compensator (ATC) probe attached, also showed the temperature in the center display. For 
standardization, first the Auto key was pressed to put the stability bar on and then the Stdz key was 
pressed and the electrode immersed in the pH 4 buffer. The electrode was removed from the buffer 
after the stability bar stopped flashing, and the main display showed a reading o f  4.00. The 
electrode was rinsed with distilled water and then immersed in the buffer o f pH 7 and the same 
procedure was followed as above. The electrode was thus standardized. The electrode was again 
rinsed with distilled water and then immersed in wastewater sample. After the stability bar stopped 
flashing the pH reading on the main display and the temperature reading on the center display were 
noted. The kit had a pH range o f -6 to 20 and a temperature range o f 0 to 100 °C.
Biochemical Oxygen Demand (BODY. The amount o f oxygen consumed during microbial 
utilization o f organics is called the biochemical oxygen demand. Oxygen consumption due to 
oxidation o f carbon is called carbonaceous BOD (CBOD), while that due to nitrogen oxidation is 
called nitrogenous BOD (NBOD). Inhibited BOD is the measurement o f only CBOD using 
chemical inhibitors (nitrification inhibitor: 2-chloro-6-[trichloro methyl]pyridine) to stop the
nitrification process. Uninhibited BOD is the measurement o f CBOD and NBOD (APHA-AWW A-
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WPCF, 1989). Wastewater samples were collected from the Karen line and, the 8-hr BOD was 
determined by CCSD Laboratory personnel.
Velocity: Only the Karen line was tested for wastewater velocity. Lemons and styrofoam were 
dumped into the manhole to which Bioxide was added. The distance between two successive 
manholes and the time o f flow of lemons and styrofoam were measured. Average velocity was 
determined by dividing the distance by time. Wastewater velocities were also determined by the 
wastewater level and the volumetric flow rate data provided by CCSD.
Intensive Testing o f a Sewer line: In July 1993, a sewer line was chosen for intensive testing for 
total dissolved sulfide, free sulfide, H,S gas in the sewer headspace, nitrate, pH and temperature 
with Bioxide on and off. On July 26, the Twain line was chosen and measurements taken at 
manholes T47, T43, T35, T21, and T4. As there was no significant change in the sulfide readings 
due to high flow, the Karen line was chosen. On July 27, measurements were taken on the Karen 
line at manholes KA81A, KA53, KA31, KA12, and NFK14. The distances between the manholes 
were 2.0, 1.5, 1.0, and 1.0 miles respectively.
Bioxide Feed Rates
Bioxide dosing requirements were calculated using 2.4 lb o f nitrate oxygen (N 0 3-0 )  per 
lb o f sulfide (S=) removed. Almost, daily readings o f the Bioxide tank levels were taken and the 
Bioxide addition rate (gallons used/hours used = gal/hr) was determined (Tables A la  to A1 i). Thus 
on a particular day (July 17, 1993) the average Bioxide dosage was 1337.28 gal/d which was 
determined from the summation of nine sewer lines add rates (gal/hr) converted to gal/d, i.e., Desert 
Inn (289.92 gpd), Sloan (102 gpd), ELV 1 (57.36 gpd), ELV 2 (103.92 gpd), Nellis (79.68 gpd), 
Karen (57.12 gpd), Twain (512.64 gpd), Mountain Vista (95.04 gpd), Spa (39.60 gpd).
On November 18, 1993 the average feed rate was 1349.8 gal/d (excluding Mountain Vista 
line for which Bioxide treatment was stopped) with each feed station having its first pump set for
24 hrs and second pump set according to the increase o f wastewater flow during that time (Table 
2). These pump settings were taken after the summer 1993 one month pilot study. It was assumed 
that approximately these same clock settings were in effect during the summer o f 1993.
Table 2: Bioxide feed rates and time settings on 11/18/93.
BIOXIDE FEED 
STATIONS
TIME SETTINGS DAILY FEED QUANTITIES
I pump II pump I pump II pump
hours on hours on eallons gallons
Desert Inn line 24.00 5.15 am - 9.15 pm 216.60 167.20
Karen line 24.00 6.00 am - 10.00 pm 87.40 79.80
Twain line gravity feed ( 24 hrs. 200gpd ) 100.00 100.00
Nellis line 24.00 7.00 am - 9.00 pm 106.40 64.60
Sloan line 24.00 6.00 am - 9.00 pm 41.80 76.00
East Las Vegas I 24.00 12.25 68.40 34.20
East Las Vegas II 24.00 7am-9pm & 3.5 60.80 26.60
Spa line average feed ( 24 hrs. 120gpd ) 60.00 60.00
741.4 608.4
Total = 1349.8
NOTES
APHA-AWWA-WPCF, Standard Methods fo r  the Examination o f  Water and  Wastewater, 17th 
edition, 1989, p. 4-196, and pp. 5-2 to 5-10.
Hunniford, D. J., Control o f  Odors & Hydrogen Sulfide related Corrosion in Municipal Sewage 
Collection Systems using a Biochemical Process: Bioxide, Davis Water and Waste Industries Inc.: 
Technical Manual, October, 1990, pp. 7-1 to 7-25.
Davis Water and Waste Industries Inc., Technical Manual: Odor Control Products.
CHAPTER 4
RESULTS
Sulfide Concentrations
A summary o f average and standard deviations of free sulfide and total sulfide 
concentrations o f all sewer lines is shown in Tables 3a & 3b.
Table 3a: Free sulfide concentrations (average & standard deviation)
Sewer line Without
Bioxide
With Bioxide
Average (ppm) Std. dev. (ppm) Average (ppm) Std. dev. (ppm)
Headworks 0.20 0.14 0.01 0.03
Sloan 0.11 0.11 0.06 0.11
ELV 1 & 2 3.00 1.37 0.07 0.15
Nellis 0.20 0.10 0.05 0.11
Karen 0.03 0.06 0.05 0.15
Twain 0.00 0.00 0.01 0.02
Mtn. Vista 0.17 0.06 0.13 0.13
Spa - - 0.08 0.15
Karen - int 0.23 0.13 0.04 0.06
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Table 3b: Total sulfide concentrations (average & standard deviation)
Sewer line Without
Bioxide
With Bioxide
Average (ppm) Std. dev. (ppm) Average (ppm) Std. dev. (ppm)
Headworks 0.63 0.27 0.10 0.08
Sloan 0.4 0.31 0.26 0.21
ELV 1 & 2 3.50 0.58 0.38 0.62
Nellis 0.60 0.36 0.28 0.37
Karen 0.13 0.06 0.22 0.31
Twain 0.10 0.10 0.06 0.07
Mtn. Vista 0.43 0.06 0.28 0.26
Spa - - 0.18 0.21
Karen - int 0.54 0.21 0.11 0.17
The raw data for these sampling locations may be found in tables A2a-A2j in Appendix
A. Sampling results at each location are discussed below.
TWAIN LINE - Intensive testing Appendix A: Table A la
With Bioxide: On 26th July, with Bioxide on, the average total dissolved sulfide and free sulfide 
concentrations were 0.0 ppm. The maximum H2S gas concentration in the headspace was 0.1 ppm. 
As there was no significant change in the sulfide readings due to high wastewater flow, the 
intensive testing was conducted on Karen line.
KAREN LINE - Intensive testing Appendix A: Table A lb
W jdigyy3ioxide: The maximum free sulfide concentration o f 0.5 ppm was seen on 4th August at 
manhole KA53 and the average (n=20) was 0.23 ppm (Table 3a). The standard deviation o f  the 
free sulfide data was 0.13 ppm. The maximum total dissolved sulfide concentration o f 1.0 ppm was 
seen on 28th July at manhole KA31 and the average (n=20) was 0.54 ppm (Table 3b). The 
standard deviation o f the total sulfide data was 0.21 ppm. The maximum H:S gas concentration
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in headspace o f  11.40 ppm was seen on 5th August at manhole KA53 and the average was 4.01 
ppm.
With Bioxide: The maximum free sulfide concentration of 0.2 ppm was seen on 2nd August at 
manhole KA81A and the average (n=25) was 0.04 ppm. The standard deviation o f  the free sulfide 
data was 0.06 ppm. The maximum total dissolved sulfide concentration o f 0.5 ppm was seen on 
1st, 2nd, and 3rd August and the average (n=25) was 0.11 ppm. The standard deviation o f  the total 
sulfide data was 0.17 ppm. The maximum H2S gas concentration in head space o f 2.0 ppm was 
seen on 1st and 3rd August and the average was 0.59 ppm.
Table 4 shows the data for Figures 5a-5f. Total sulfide concentration was higher without 
Bioxide (Figure 5a) than with Bioxide (Figure 5b). Free sulfide concentration was higher without 
Bioxide (Figure 5c) than with Bioxide (Figure 5d). Residual nitrate concentration was higher with 
Bioxide (Figure 5e) than without Bioxide (Figure 5f).
SLOAN LINE Appendix A: Table A2c
W jthoutB ioxide: The maximum free sulfide concentration o f 0.3 ppm was seen on 19th August 
and the average (n=5) was 0.11 ppm (Table 3a). The standard deviation o f  the free sulfide data was 
0.11 ppm. The maximum total sulfide concentration o f 0.9 ppm was also seen on 19th August and 
the average (n=5) was 0.4 ppm (Table 3b). The standard deviation o f the total sulfide data was 
0.31 ppm.
With Bioxide: The maximum free sulfide concentration o f 0.4 ppm was seen on 12th July and the 
average (n=14) was 0.06 ppm. The standard deviation o f  the free sulfide data was 0.11 ppm. The 
maximum total sulfide concentration of 0.5 ppm was seen on 8th July and 16th July and the average 
(n=8) was 0.26 ppm. The standard deviation o f the total sulfide data was 0.21 ppm.
EAST LAS VEGAS LIFT STATION LINES 1 & 2 Appendix A: Table A2d
Without Bioxide: Maximum free sulfide concentrations o f  4.0 ppm were seen on 12th, 19th and
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Figure 5a: Total sulfide concentrations without Bioixde (KAREN - intensive testing).
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Figure 5b: Total sulfide concentrations with Bioixde (KAREN - intensive testing).
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Figure 5d: Free sulfide concentrations with Bioixde (KAREN - intensive testing).
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24th August and the average (n=5) was 3.0 ppm (Table 3a). The standard deviation o f the free 
sulfide data was 1.37 ppm. The maximum total sulfide concentration o f 4.0 ppm was seen on 12th 
and 19 th August and the average (n=4) was 3.5 ppm (Table 3 b). The standard deviation o f the total 
sulfide data was 0.58 ppm. As measured by Gastec ion tube, the maximum sulfide ion 
concentration o f 10.0 ppm was seen on 18th August.
With Bioxide: The maximum free sulfide concentration o f 0.5 ppm was seen on 15th July and the 
average (n=13) was 0.07 ppm. The standard deviation of the free sulfide data was 0.15 ppm. The 
maximum total sulfide concentration o f 1.5 ppm was seen on 2nd July and the average (n=8) was 
0.38 ppm. The standard deviation o f the total sulfide data was 0.62 ppm.
NELLIS LINE Appendix A: Table A2e
Without Bioxide: The maximum free sulfide concentration o f 0.3 ppm was seen on 19th August 
and the average (n=3) was 0.2 ppm (Table 3a). The standard deviation o f the free sulfide data was 
0.10 ppm. The maximum total sulfide concentration o f 1.0 ppm was also seen on 19th August and 
the average (n=3) was 0.6 ppm (Table 3b). The standard deviation o f the total sulfide data was 
0.36 ppm.
With_BioxWe: The maximum free sulfide concentration o f 0.3 ppm was seen on 13th July and the 
average (n=8) was 0.05 ppm. The standard deviation o f the free sulfide data was 0.11 ppm. The 
maximum total sulfide concentration o f 1.0 ppm was seen on 13th July and the average (n=6) was 
0.28 ppm. The standard deviation o f  the total sulfide data was 0.37 ppm.
KAREN LINE Appendix A: Table A2f
Without Bioxide: The maximum free sulfide concentration o f  0.1 ppm was seen on 19th August 
and the average (n=3) was 0.03 ppm (Table 3a). The standard deviation o f the free sulfide data was 
0.06 ppm. The maximum total sulfide concentration o f 0.2 ppm was also seen on 19th August and 
the average (n=3) was 0.13 ppm (Table 3b). The standard deviation o f  the total sulfide data was
40
0.06 ppm.
With Bioxide: The maximum free sulfide concentration of 0.4 ppm was seen on 13th July and the 
average (n=8) was 0.05 ppm. The standard deviation of the free sulfide data was 0.15 ppm. The 
maximum total sulfide concentration o f 0.8 ppm was also seen on 13th July and the average (n=6) 
was 0.22 ppm. The standard deviation o f the total sulfide data was 0.31 ppm.
TWAIN LINE Appendix A: Table A2g
Without Bioxide: The average (n=3) free sulfide concentration was 0.0 ppm (Table 3a). The 
standard deviation o f the free sulfide data was 0.0 ppm. The maximum total sulfide concentration 
o f  0.2 ppm was seen on 12th August and the average (n=3) was 0.10 ppm (Table 3b). The readings 
were low because o f high flow.
Wh]}_Bioxjde: The maximum free sulfide concentration of 0.05 ppm was seen on 12th July and 
the average (n=9) was 0.01 ppm. The standard deviation o f the free sulfide data was 0.02 ppm. 
The maximum total sulfide concentration o f 0.2 ppm was also seen on 12th July and the average 
(n -7 )  was 0.06 ppm. The standard deviation o f the total sulfide data was 0.07 ppm.
MOUNTAIN VISTA LINE Appendix A: Table A2h
Without Bioxide: The maximum free sulfide concentration o f 0.2 ppm was seen on 12th and 24th 
August and the average (n=3) was 0.17 ppm (Table 3a). The standard deviation o f the free sulfide 
data was 0.06 ppm. The maximum total sulfide concentration o f 0.5 ppm was seen on 12th August 
and the average (n=3) was 0.43 ppm. The standard deviation o f the total sulfide data was 0.06 ppm 
(Table 3b).
With Bioxide: The maximum free sulfide concentration o f 0.3 ppm was seen on 8th and 15th July 
and the average (n=8) was 0.13 ppm. The standard deviation of the free sulfide data was 0.13 ppm. 
The maximum total sulfide concentration o f 0.7 ppm was also seen on 8th July and the average 
(n=6) was 0.28 ppm. The standard deviation o f  the total sulfide data was 0.26 ppm.
SPA LINE Appendix A: Table A2i
Without_gio>dde: Sulfide data were not available as this line was continuously treated with Bioxide 
for the duration o f this study.
With Bioxide: The maximum free sulfide concentration o f 0.5 ppm was seen on 14th July and the 
average (n=13) was 0.08 ppm (Table 3a). The standard deviation o f the free sulfide data was 0.15 
ppm. The maximum total sulfide concentration o f 3.5 ppm was seen on 9th July and the average 
(n= 10) was 0.18 ppm (Table 3b). The standard deviation o f the total sulfide data was 0.21 ppm. 
The average free sulfide and total sulfide concentrations were 0.0 ppm and 0.0 ppm in between 4th 
and 19th August.
HEADWORKS Appendix A: Table A2j
Without Bioxide: The maximum free sulfide concentration o f  0.5 ppm was seen on 4th August and 
2nd September and the average (n=50) was 0.2 ppm (Table 3a). The standard deviation o f the free 
sulfide data was 0.14 ppm. The maximum total sulfide concentration o f 1.2 ppm was seen on 2nd 
September and the average (n=50) was 0.63 ppm (Table 3b). The standard deviation o f the total 
sulfide data was 0.27 ppm. On 2nd and 3rd September chlorine was added at the berm 
approximately around 150 ft from the headworks. The high sulfide readings on these days indicated 
that chlorine didn’t have much effect on sulfide concentration reduction.
W it^Bioxide: The maximum free sulfide concentration o f 0.2 ppm was seen on 12th July and the 
average (n=102) was 0.01 ppm. The standard deviation o f  the free sulfide data was 0.03 ppm. The 
maximum total sulfide concentration o f 0.3 ppm was also seen on 12th July and the average (n=34) 
was 0.10 ppm. The standard deviation o f the total sulfide data was 0.08 ppm.
Table 5 shows the data for the Figures 6a-6c. Total sulfide concentration at the headworks 
was higher without Bioxide than with Bioxide (Figure 6a). Free sulfide concentration was also 
higher without Bioxide than with Bioxide (Figure 6b). Residual nitrate concentration was higher 
with Bioxide than without Bioxide (Figure 6c). The dotted line in the Figures 6a-6c separates the
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Bioxide-on and Bioxide-off data.
O dor C om plain t Analysis
Odor complaints data were provided by CCSD Plant Operations personnel. Frequency o f 
odor complaints declined significantly when Bioxide was on (Table 6). For two identical 44 day 
periods there were 2 complaints with Bioxide (Jun 21 - Aug 3) and 15 complaints without Bioxide 
(Aug 4 - Sept 15).
Table 5: Total sulfide, tree sulfide, residual nitrate conc. with & without Bioxide (HEADWORKS).
Hour of day With Bioxide Without Bioxide
07-20-93 J07-21-93 08-11-93 OS-13-93 08-20-93
Total Sulfide conc. (ppm)
6.50 0.00
7.00 0.10 0.20
8.00 0.00 0.10 0.30 0.50 0.40
9.00 0.00 0.10 0.60 0.40 0.40
10.00 0.10 0.10 0.50 0.50 0.50
11.00 0.10 0.50
11.30 0.00 0.70 0.70
12.00 0.10 0.70 0.70 0.70
12.10 0.10
13.00 0.20 0.10 0.70 0.70 0.70
14.00 0.30 0.10 1.20
14.30 0.90
15.00 0.20 0.10 1.00
16.00 0.90
Free Sulfide conc. (ppm)
6.50 0.00
7.00 0.00 0.20
8.00 0.00 0.00 0.05 0.30 0.20
9.00 0.00 0.00 0.05 0.30 0.30
10.00 0.00 0.00 0.10 0.20 0.20
11.00 0.00 0.05
11.30 0.00 0.10 0.20
12.00 0.00 0.20 0.30 0.20
12.10 0.00
13.00 0.00 0.00 0.20 0.10 0.10
14.00 0.05 0.00 0.20
14.30 0.30
15.00 0.00 0.00 0.30
16.00 0.20
Residual nitrate conc. (ppm)
6.50 0.72
7.00 0.82 0.02
8.00 0.52 0.76 0.02 0.02
9.00 0.40 0.60 0.02 0.02
10.00 0.26 0.30 0.02 0.06
11.00 0.20 0.02
11.30 0.26 0.08
12.00 0.24 0.02 0.08
12.10 0.18
13.00 0.08 0.22 0.02 0.02
14.00 0.08 0.22
14.30
15.00 0.04 0.20
16.00
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Table 6: Odor complaints (provided by CCSD Plant Operations)
With Bioxide (Jun 21 - Aug 3) Without Bioxide (Aug 4 - Sept 15)
44 day period 44 day period
Date Complaint
from
$ of
Complaints
Date Complaint
from
# of
Complaints
06-25-93 public 1 08-12-93 plant operator 1
07-18-93 public 1 08-20-93 public 1
08-26-93 public
08-27-93 plant operator 1
08-29-93 plant operator 1
08-31-93 plant operator 1
public 1
09-02-93 plant operator 1
09-03-93 plant operator 1
09-05-93 plant operator 1
09-10-93 plant operator 1
public 1
09-15-93 public 1
TO TA L= 2 15
CHAPTER 5
DATA ANALYSIS & DISCUSSION
As discussed in Chapter 2, several mechanisms have been proposed for H,S generation in 
sewers, including:
(a) High BOD in wastewater leads to anaerobic conditions in the wastewater and conversion
o f sulfate to sulfide.
(b) When wastewater flow velocities drop below scour velocity for solids, solids can deposit
on the pipe invert and ananaerobic conditions will develop resulting in conversion o f sulfate to 
sulfide.
(c) Generation o f sulfide in the biological slime layer on the pipe walls o f the sewer.
In this chapter, these mechanisms are investigated for H,S generated during intensive 
monitoring o f  the Karen line. Mass flow calculations are also carried out to determine the degree 
o f Bioxide utilization in the collection system.
Mass Flow Calculations
HEADWORKS
Mass flow calculations were performed to determine the amount o f  Bioxide needed to control odors. 
Mass flow calculations on total sulfide, free sulfide, and residual nitrate were determined by 
m ultiplying measured concentrations by wastewater flow.
Mass (kg/hr) = flow (MGD) * conc. (mg/1) * 106 (gal/MG)
* 3.7854 (1/gal) * KT6 (kg/mg) / 24 (D/hr) (5.1)
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Table 7: Total sulfide, free sulfide, residual nitrate mass with & without Bioxide ('HEADWORKS).
Hour of day With Bioxide Without Bioxide
07-20-93 07-21-93 08-11-93 08-13-93 08-20-93
Total Sulfide mass (kg/hr)
6.50 0.00
7.00 0.49 1.03
8.00 0.00 0.76 1.76 3.18 2.67
9.00 0.00 0.93 4.99 3.31 3.42
10.00 0.90 1.04 4.64 4.72 4.58
11.00 0.95 4.64
11.30 0.00 6.77 6.73
12.00 1.05 6.76 6.65 6.67
12.10 0.94
13.00 1.85 1.01 6.32 6.36 6.48
14.00 2.61 0.99 10.64
14.30 7.72
15.00 1.67 0.94 8.60
16.00 7.38
Free Sulfide mass (kg/hr)
6.50 0.00
7.00 0.00 1.03
8.00 0.00 0.00 0.29 1.91 1.33
9.00 0.00 0.00 0.42 2.48 2.56
10.00 0.00 0.00 0.93 1.89 1.83
11.00 0.00 0.46
11.30 0.00 0.97 1.92
12.00 0.00 1.93 2.85 1.91
12.10 0.00
13.00 0.00 0.00 1.80 0.91 0.93
14.00 0.43 0.00 1.77
14.30 2.57
15.00 0.00 0.00 2.58
16.00 1.64
Residual nitrate mass (kg/hr)
6.50 4.32
7.00 4.01 0.10
8.00 3.94 5.81 0.12 0.13
9.00 3.72 5.60 0.17 0.17
10.00 2.34 3.13 0.19 0.57
11.00 1.89 0.19
11.30 2.73 0.77
12.00 2.52 0.19 0.76
12.10 1.70
13.00 0.74 2.23 0.18 0.18
14.00 0.70 2.18
14.30
15.00 0.33 1.88
16.00
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from data without Bioxide.
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Table 7 shows the data for Figures 7a-7c. Total sulfide mass was higher without Bioxide than with 
Bioxide (Figure 7a). Free sulfide mass was also higher without Bioxide than with Bioxide (Figure 
7b). Residual nitrate mass was higher with Bioxide than without Bioxide (Figure 7c). The dotted 
line in Figures 7a-7c separates the Bioxide-on and Bioxide-off data. Residual niitrate mass declined 
during the course o f  a day with Bioxide on, which indicated that Bioxide was likely being 
consumed.
To determine the utilization efficiency o f Bioxide, mass nitrate added to the sewers and 
mass nitrate arriving at headworks were computed. The following formulae and methods were used. 
Bioxide mass flow calculations were performed by first converting the active Bioxide constituent 
(NOj-O) to nitrate, and then multiplying the concentration o f N 0 3 in Bioxide solution by Bioxide 
flow (dosage) for 18th November data (Table 8).
3.5 lbs o f  NOj-O/gal = 3.5 * (1 mole N 0 3/3 moles O)
* (MW  NOj/M W  O) * .456 kg/lb = 3.5 * (1/3) * (62/16)
* .454 = 2.05 kg o f  N O ,/ gal (5.2)
Bioxide mass = 2.05 (kg/gal) * Bioxide flow (gal/hr) (5.3)
%  Bioxide used = (mass N 0 3 applied - mass N 0 3 residual)
* 100/(mass N 0 3 applied) (5.4)
Bioxide pump setting data were not available for the month of July, so data taken in 
November (11/18/93), after conclusion o f the pilot study, were considered close to data for July 
(07/20/93).
Discussion o f 07/20/93 data:
Table 9 shows the data for the Figures 8a-8d. Figure 8a shows the measured wastewater 
flow arriving at headworks. Figure 8b shows nitrate mass addition to sewer system. Total Bioxide
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Figure 8a: Wastewater flow coming into the plant at Headworks on 07/20/93.
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Figure 8b: Bioxide mass rates into the collection system on 11/18/93 (assumed the same on 07/20/93).
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Figure 8c: Residual nitrate mass in the wastewater at headworks on 07/20/93.
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Figure 8d: Percent Bioxide consumed in the collection system on 07/20/93.
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dosing into the sewer system tracks total wastewater flow, and also Bioxide dosing builds up at the 
same time wastewater increases in the sewer system. The percentage o f Bioxide consumed in the 
collection system was 96% or more (Figures 8c and 8d).
Bioxide dosing into the system had been adjusted by Davis Water and Waste Industries 
Inc.’s and CCSD’s personnel to maintain a residual nitrate concentration o f 0.2 to 0.3 mgd at 
Headworks. Table 9 shows the data for Figures 9a-9b. Total sulfide concentration went down as 
residual nitrate concentration went up. Residual N 0 3 (expressed as N) at headworks above 0.4 ppm 
eliminated sulfide (Figure 9a). Total sulfide mass went down as residual nitrate mass went up. 
Residual mass N 0 3 at headworks above 4.0 kg/hr suppressed sulfide at headworks (Figure 9b).
Equilibrium Gas Phase Calculations
To test the likelihood that mechanisms (a), (b), or (c) (p. 47) might be operating in the 
Karen line, it was desired to determine if the wastewater was the source o f  the gas phase 
concentrations o f H2S observed in the sewer headspaces. Equilibrium gas phase concentrations of 
H:S were calculated from observed total sulfide, temperature and pH o f the wastewater. If 
calculated equilibrium gas concentrations are greater than or equal to the measured gas phase 
concentrations (using a Gastec kit), then mechanism (a) can’t be ruled out. If however, calculated 
concentrations are much less than measured concentrations then mechanism (a) is probably not 
operative.
Table 9: Residual nitrate and total sulfide conc. & mass on 07/20/93 (HEADWORKS).
Hour 
of day 
(hrs)
Residual nitrate 
conc.
(ppm)
Total Sulfide 
conc.
(ppm)
Residual nitrate
mass
(kg/hr)
Total Sultlde
mass
(kg/hr)
6.50 0.72 0.00 4.32 0.00
8.00 0.52 0.00 3.94 0.00
9.00 0.40 0.00 3.72 0.00
10.00 0.26 0.10 2.34 0.90
11.00 0.20 0.10 1.89 0.95
12.10 0.18 0.10 1.70 0.94
13.00 0.08 0.20 0.74 1.85
14.00 0.08 0.30 0.70 2.61
15.00 0.04 0.20 0.33 1.67
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Residual nitrate conc. (ppm)
Figure 9a: Total sulfide and residual nitrate concentrations on 07/20/93 (HEADWORKS).
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Figure 9b: Total sulfide and residual nitrate mass on 07/20/93 (HEADWORKS).
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Table 10: Calculated maximum equilibrium gas phase concentrations.
Sewer line Without Bioxide 
(ppm)
With Bioxide (ppm) Appendix Table #
Headworks 0.132 0.038 A3b
Karen - int 0.184 0.042 A3c
Sloan 0.032 0.042 A3d
ELV 1 & 2 0.266 0.134 A3e
Nellis 0.054 0.099 A 3f
Karen 0.012 0.100 A3g
Twain 0.014 0.022 A3h
Mtn. Vista 0.068 0.021 A3i
Spa - 0.053 A3j
The equations using the values o f K,, K2, AH, and AH2 (Stumm and Morgan) are:
H,S <-> HS- + H* K, = 10'7 AH, = 22 .1 5  KJ/mole (5.5)
HS' S’ + H+ K2 = lO'1292 AH2 = 50.60 KJ/mole (5.6)
Kh (moles/l)/atm = (density o f water)/(moI.wt. o f  water *
Henry’s const.) (5.7)
[H*] = 10-pH (5.8)
ST (moles/1) = (measured sulfide conc. in ppm) * lO ^m ol.w t o f
sulfide) (5.9)
[H2S]aq (moles/1) = ST/(1 + K,/[H*] + K2/[H +]2) (5.10)
P H2S (atm) = [H2S]aq/KH (5.11)
[H2S]g (moles/1) = P H,S / (R*T) (5.12)
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[H2S]g (ppm) = (R*T) * I06 / P air (5.13)
mol. wt o f  sulfide = 32 
P = partial pressure (P air = 1 atm)
R = gas const. (0.082 l-atm/[moles-K] )
T = temperature (T air = 298 K)
HEADWORKS: Appendix A, Table 3b
The maximum calculated equilibrium H2S gas phase concentration was 0.038 ppm with Bioxide. 
The maximum calculated equilibrium H2S gas phase concentration was 0.132 ppm without Bioxide. 
Table 11 shows the data for Figure 10. Calculated equilibrium H2S gas phase concentrations were 
generally higher without Bioxide than with Bioxide (Figure 10). The solid line in the figure 
separates the data with Bioxide from the data without Bioxide.
KAREN LINE - Intensive testing : Appendix A, Table A3c
The maximum calculated equilibrium H2S gas phase concentration was 0.042 ppm with Bioxide. 
The maximum calculated equilibrium H2S gas phase concentration was 0.184 ppm without Bioxide.
Table 12 shows the data for Figures 11 a-13b. H,S gas concentrations measured in the 
sewer headspace using a Gastec kit were higher without Bioxide (Figure 11a) than with Bioxide 
(Figure lib ) .  Calculated equilibrium H2S gas phase concentrations were higher without Bioxide 
(Figure 12a) than with Bioxide (Figure 12b). Calculated equilibrium H2S gas concentrations are 
plotted against measured gas concentrations in figures 13a (without Bioxide) and 13b (with 
Bioxide). If  equilibrium conditions existed, points would be scattered along a line o f  slope 1. 
However, H2S gas concentrations measured in sewer headspace were much higher in concentration 
than would be expected to be in equilibrium with the water. It is concluded from this result that 
the H2S source is not in the water. Some other source, such as slime on the sewer walls or 
deposited solids on the sewer floor, must be contributing to the high measured gas phase 
concentrations.
Table 11: Calculated equilibrium H2S gas conc. (HEADWORKS).
Hour of With Bioxide Without Bioxide
dav 07-20-93 07-21-93 08-11-93 08-13-93 08-20-93
Calculated equilibrium H2S gas eonc. (ppm)
6.50 0.000
7.00 0.010 0.018
8.00 0.000 0.009 0.013 0.045 0.031
9.00 0.000 0.008 0.024 0.030 0.029
10.00 0.008 0.009 0.023 0.042 0.038
11.00 0.009 0.025
11.30 0.000 0.067 0.056
12.00 0.011 0.036 0.075 0.062
12.10 0.010
13.00 0.023 0.011 0.040 0.074 0.063
14.00 0.038 0.012 0.111
14.30 0.093
15.00 0.023 0.012 0.110
16.00 0.095
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Figure 10: Calculated equilibrium H2S gas phase concentrations (HEADWORKS).
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Table 12: Measured and calculated equilibrium gus conc. (KAREN - intensive testing).
Date Time
(hrs)
Manhole # Cumulative dist. 
(miles)
Gustec H2S 
(ppm)
Calc. equ. EDS g 
(ppm)
WITH BIOXIDE
07-30-93 12.25 KA81A 0.00 0.10 0.035
13.01 KA53 2.00 0.32 0.009
13.12 KA31 3.00 0.30 0.009
13.32 KA12 4.50 0.26 0.015
13.47 NFK14 5.50 0.14 0.010
07-31-93 11.55 KA81A 0.00 0.50 0.029
12.20 KA53 2.00 1.90 0.000
12.38 KA31 3.00 0.60 0.000
12.55 KA12 4.50 0.30 0.000
13.17 NFK.14 5.50 0.40 0.011
08-01-93 11.50 KA81A 0.00 2.00 0.042
12.17 KA53 2.00 1.00 0.000
12.33 KA31 3.00 0.50 0.000
12.50 KA12 4.50 0.00 0.000
13.07 NFK14 5.50 0.00 0.000
08-02-93 11.10 KA81A 0.00 0.80 0.024
11.40 KA53 2.00 0.00 0.000
11.50 KA31 3.00 0.40 0.000
12.13 KA12 4.50 0.00 0.000
12.25 NFK14 5.50 0.60 0.000
08-03-93 11.20 KA81A 0.00 2.00 0.034
11.47 KA53 2.00 1.80 0.000
12.00 KA31 3.00 0.00 0.000
12.15 KA12 4.50 0.30 0.006
12.30 NFK14 5.50 0.50 0.000
WITHOUT BIOXIDE
07-28-93 11.05 KA81A 0.00 1.50 0.011
11.30 KA53 2.00 8.40 0.046
11.46 KA31 3.00 2.80 0.184
12.10 KA12 4.50 2.80 0.056
12.35 NFK14 5.50 6.10 0.058
07-29-93 11.50 KA81A 0.00 1.70 0.015
12.15 KA53 2.00 5.20 0.040
12.29 KA31 3.00 1.40 0.043
12.47 KA12 4.50 1.60 0.080
13.10 NFK14 5.50 4.60 0.038
08-04-93 11.35 KA81A 0.00 0.80 0.030
12.05 KA53 2.00 8.90 0.095
12.20 KA31 3.00 3.20 0.051
12.30 KA12 4.50 3.10 0.066
12.48 NFK14 5.50 2.90 0.037
08-05-93 11.50 KA81A 0.00 2.30 0.060
12.10 KA53 2.00 11.40 0.051
12.25 KA31 3.00 2.90 0.049
12.45 KA12 4.50 3.10 0.046
13.00 NFK14 5.50 8.20 0.045
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Figure 1 la: H2S gas over sewer headspace using Gastec kit without Bioxide 
(KAREN - intensive testing).
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As the calculated equilibrium H,S gas concentrations are much less than the measured H,S 
gas concentrations, then mechanism (a) is probably not operative in the Karen sewer line.
SPOT CHECKS ON OTHER SEWER LINES:
The maximum calculated equilibrium H;S gas phase concentrations were 0.042 ppm (with 
Bioxide) and 0.032 ppm (without Bioxide) in Sloan line (Table A3d). The maximum calculated 
equilibrium H;S gas phase concentrations were 0.134 ppm (with Bioxide) and 0.266 ppm (without 
Bioxide) in ELV 1 & 2 lines (Table A3e). The maximum calculated equilibrium H2S gas phase 
concentrations were 0.099 ppm (with Bioxide) and 0.054 ppm (without Bioxide) in Nellis line 
(Table A3f). The maximum calculated equilibrium H,S gas phase concentrations were 0.1 ppm 
(with Bioxide) and 0.012 ppm (without Bioxide) in Karen line (Table A3g). The maximum 
calculated equilibrium H2S gas phase concentrations were 0.022 ppm (with Bioxide) and 0.014 ppm 
(without Bioxide) in Twain line (Table A3h). The maximum calculated equilibrium H:S gas phase 
concentrations were 0.068 ppm (with Bioxide) and 0.021 ppm (without Bioxide) in Mountain Vista 
line (Table A3i). The maximum calculated equilibrium H2S gas phase concentration was 0.053 ppm 
(with Bioxide) in Spa line (Table A3j).
BOD C alculations
KAREN LINE - Intensive testing
To test the hypothesis that high BOD in wastewater leads to anaerobic conditions, BOD 
calculations were performed. BOD values did not exhibit any consistent variation with distance 
down the sewer line (Tables 13 and 14). Measured aqueous sulfide concentrations did not exhibit 
any repeatable correlation with BOD values (Figures 14a-15e).
Again, it appears that mechanism (a) is not operating in Karen sewer line.
Table 13: Total inhibited BOD and total sulfide conc. (KAREN - intensive testing).
Date Hour of day Manhole # Total Sulfide 
(ppm)
Total Inhibited BOD 
(mg/1)
WITH BIOXIDE
08-01-93 11.50 KA81A 0.50 47
12.17 KA53 0.00 35
12.33 KA31 0.00 42
12.50 KA12 0.00 39
13.07 NFK14 0.00 34
08-02-93 11.10 KA81A 0.50 45
11.40 KA53 0.00 46
11.50 KA31 0.00 40
12.13 KA12 0.00 31
12.25 NFK14 0.00 43
08-03-93 11.20 KA81A 0.50 30
11.47 KA53 0.00 38
12.00 KA31 0.00 27
12.15 KA12 0.10 36
12.30 NFK14 0.00 26
WITHOUT BIOXIDE
07-28-93 11.05 KA81A 0.20 30
11.30 KA53 0.50 24
11.46 KA31 0.50 29
12.10 KA12 0.70 35
12.35 NFK14 0.40 37
08-05-93 11.50 KA81A 0.60 29
12.10 KA53 0.70 29
12.25 KA31 0.50 34
12.45 KA12 0.50 36
13.00 NFK14 0.50 33
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Figure 14c: Total inhibited BOD and sulfide conc. with Bioxide on 08/03/93 (KAREN - intensive).
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Figure 14d: Total inhibited BOD and sulfide conc. without Bioxide on 07/28/93 (KAREN - int).
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Figure 14e: Total inhibited BOD and sulfide conc. without Bioxide on 08/05/93 (KAREN - int).
Table 14: Total uninhibited BOD and total sulfide conc. (KAREN - intensive testing).
Date Hour of day Manhole # Total Sulfide 
(ppm)
Total Uninhibited BOD 
(mg/1)
WITH BIOXIDE
08-01-93 11.50 KA81A 0.50 73
12.17 KA53 0.00 58
12.33 KA31 0.00 61
12.50 KA12 0.00 53
13.07 NFK14 0.00 47
08-02-93 11.10 KA81A 0.50 64
11.40 KA53 0.00 57
11.50 KA31 0.00 55
12.13 KA12 0.00 46
12.25 NFK14 0.00 44
08-03-93 11.20 KA81A 0.50 51
11.47 KA53 0.00 73
12.00 KA31 0.00 81
12.15 KA12 0.10 101
12.30 NFK14 0.00 41
WITHOUT BIOXIDE
07-28-93 11.05 KA81A 0.20 31
11.30 KA53 0.50 35
11.46 KA31 0.50 37
12.10 KA12 0.70 40
12.35 NFK14 0.40 39
08-05-93 11.50 KA81A 0.60 45
12.10 KA53 0.70 44
12.25 KA31 0.50 49
12.45 KA12 0.50 49
13.00 NFK14 0.50 48
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Figure 15a: Total uninhibited BOD and sulfide conc. with Bioxide on 08/01/93 (KAREN - intensive).
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Figure 15b: Total uninhibited BOD and sulfide conc. with Bioxide on 08/02/93 (KAREN - intensive).
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Figure 15c: Total uninhibited BOD and sulfide conc. with Bioxide on 08/03/93 (KAREN - intensive).
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Figure 15d: Total uninhibited BOD and sulfide cone, without Bioxide on 07/28/93 (KAREN - int).
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Figure 15e: Total uninhibited BOD and sulfide conc. without Bioxide on 08/05/93 (KAREN - int).
75
Velocity Calculations
KAREN LINE - Intensive testing
To test the hypothesis that solids might be settling to the bottom o f the sewer, average 
wastewater velocity between manholes was calculated using the distance between two successive 
manholes and time o f flow o f lemons or styrofoam (Table 15). The velocity exceeded the scour 
velocity (assuming 1.35 ft/s) indicating that solids deposition was unlikely. Wastewater velocities 
were also calculated from the level and volumetric flow rate data provided by CCSD at the add 
point (Manhole KA81A, Table 16a) and test point (Manhole NFK14, Table 16b). The following 
relationships were used (Prasuhn, 1987).
z = (D)/2 - y (5.14)
0 = cos-‘(2z/D) (5.15)
A = (D 2/4)*(9 - sin(2*0)/2) (5.16)
V = Q/A (5.17)
D = diameter o f the sewer (ft) 
y = wastewater depth in the sewer (ft)
A = wetted area (ft2)
Q = wastewater volumetric flow (cfs)
V = wastewater velocity (ft/s)
Calculated velocities exceeded scour velocity both with and without Bioxide, indicating that 
solids deposition was unlikely. Hence, it appears that mechanism (b) is not operating in the Karen 
sewer line.
Hence, mechanism (c), slime growth on sides of sewer, may be the source o f H,S 
production.
Table 15: Wastewater flow velocity using styrofoam and lemons without Bioxide (KAREN - int).
Date Manhole # Time
(min)
Distance
(miles)
Velocity (V) 
(ft/s)
Scour Vel (Vs) 
(ft/s)
Sulfide generation 
V <  Vs
Flow Velocity using Styrofoam
07-28-93 KA81A 0 0.00 - - -
KA53 34 1.90 4.92 1.35 NO
KA31 14 1.20 7.54 1.35 NO
KA12 18 . 1.40 6.84 1.35 NO
NFK14 14 1.00 6.29 1.35 NO
Flow Velocity using Lemons
08-25-93 KA81A 0 0.00 - - -
KA53 34 1.90 4.92 1.35 NO
KA31 13 1.20 8.12 1.35 NO
KA12 18 1.40 6.84 1.35 NO
NFK14 12 1.00 7.33 1.35 NO
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Table 16a: Wastewater flow velocity using level & flow data provided by CCSD (KAREN - int)
Bioxide addition point (Manhole # KA81 A).
Diameter o f sewer = 1.75 ft_______1 mgd = 1.547 cfs Scour Velocity (Vs) = 1.35 ft/s
Date Time Level
(ft)
Flow
(MGD)
z theta
(radians)
theta
(degrees)
Area
(ft2 )
Velocity 
V (ft/s)
Sulfide 
gen. V<Vs
With Bioxide
08-02-93 10.41 0.645 2.566 0.230 1.305 74.760 0.805 4.932 No
11.11 0.651 2.610 0.224 1.312 75.167 0.815 4.954 No
11.41 0.638 2.520 0.237 1.297 74.285 0.793 4.916 No
12.11 0.616 2.357 0.259 1.270 72.782 0.756 4.822 No
12.41 0.628 2.445 0.247 1.285 73.603 0.776 4.873 No
13.11 0.639 2.522 0.236 1.298 74.353 0.795 4.909 No
13.41 0.641 2.537 0.234 1.300 74.489 0.798 4.918 No
14.11 0.593 2.194 0.282 1.243 71.199 0.718 4.728 No
14.41 0.621 2.390 0.254 1.276 73.125 0.764 4.836 No
15.11 0.605 2.275 0.270 1.257 72.027 0.738 4.770 No
15.41 0.643 2.551 0.232 1.302 74.625 0.801 4.924 No
16.11 0.623 2.409 0.252 1.279 73.262 0.768 4.854 No
16.41 0.626 2.429 0.249 1.282 73.467 0.773 4.862 No
17.11 0.626 2.426 0.249 1.282 73.467 0.773 4.856 No
17.41 0.640 2.530 0.235 1.299 74.421 0.796 4.915 No
18.11 0.639 2.525 0.236 1.298 74.353 0.795 4.915 No
18.41 0.637 2.508 0.238 1.295 74.217 0.791 4.903 No
19.11 0.645 2.568 0.230 1.305 74.760 0.805 4.936 No
19.41 0.630 2.460 0.245 1.287 73.740 0.780 4.882 No
20.11 0.625 2.419 0.250 1.281 73.398 0.771 4.853 No
20.41 0.620 2.338 0.255 1.275 73.056 0.763 4.742 No
21.11 0.609 2.308 0.266 1.262 72.302 0.744 4.796 No
21.41 0.617 2.367 0.258 1.271 72.851 0.758 4.832 No
22.11 0.624 2.412 0.251 1.280 73.330 0.769 4.849 No
22.41 0.632 2.474 0.243 1.289 73.876 0.783 4.888 No
23.11 0.624 2.412 0.251 1.280 73.330 0.769 4.849 No
23.41 0.613 2.334 0.262 1.267 72.577 0.751 4.807 No
08-03-93 0.11 0.591 2.178 0.284 1.240 71.060 0.715 4.716 No
0.41 0.596 2.215 - 0.279 1.246 71.406 0.723 4.741 No
1.11 0.573 2.053 0.302 1.218 69.809 0.685 4.638 No
1.41 0.565 1.999 0.310 1.209 69.250 0.672 4.604 No
2.11 0.564 1.991 0.311 1.207 69.180 0.670 4.597 No
2.41 0.601 2.249 0.274 1.252 71.751 0.731 4.759 No
3.11 0.569 2.024 0.306 1.214 69.530 0.678 4.616 No
3.41 0.569 2.026 0.306 1.214 69.530 0.678 4.621 No
4.11 0.542 1.849 0.333 1.180 67.631 0.634 4.510 No
4.41 0.574 2.064 0.301 1.220 69.879 0.686 4.651 No
5.11 0.581 2.107 0.294 1.228 70.367 0.698 4.670 No
5.41 0.617 2.362 0.258 1.271 72.851 0.758 4.822 No
6.11 0.635 2.498 0.240 1.293 74.081 0.788 4.904 No
6.41 0.697 2.965 0.178 1.366 ! 78.262 0.893 5 135 No
7.11 0.742 3.322 0.133 1.418 81.257 0.971 5.294 No
7.41 0.746 3.356 0.129 1.423 81.522 0.978 5.310 No
8.11 0.756 3.430 0.119 1.434 82.184 0.995 5.333 No
8.41 0.744 3.340 0.131 1.421 81.390 0.974 5.304 No
9.11 0.727 3.203 0.148 1.401 80.262 0.945 5.244 No
9.41 0.725 3.188 0.150 1.399 80.129 0.941 5.239 No
10.11 0.682 2.851 0.193 1.348 77.257 0.868 5.083 No
10.41 0.672 2.768 0.203 1.337 76.585 0.851 5.034 No
11.11 0.663 2.706 0.212 1.326 75.979 0.835 5.012 No
11.41 0.647 2.583 0.228 1.307 74.896 0.808 4.944 No
12.11 0.643 2.551 0.232 1.302 74.625 0.801 4.924 No
12.41 0.634 2.489 0.241 1.292 74.012 0.786 4.897 No
13.11 0.635 2.491 0.240 1.293 74.081 0.788 4.891 No
13.41 0.622 2.400 0.253 1.277 73.193 0.766 4.846 No
14.11 0.638 2.517 0.237 1.297 74.285 0.793 4.910 No
14.41 0.651 2.612 0.224 1.312 75.167 0.815 4.958 No
15.11 0.660 2.684 0.215 1.323 75.776 0.830 5.001 No
15.41 0.661 2.691 0.214 1.324 75.843 0.832 5.004 No
16.11 0.651 2.612 0.224 1.312 75.167 0.815 4.958 No
16.41 0.677 2.813 0.198 1.343 76.922 0.859 5.065 No
17.11 0.684 2.861 0.191 1.351 77.392 0.871 5.081 No
17.41 0.681 2.839 0.194 1.347 77.190 0.866 5.072 No
18.11 0.678 2.816 0.197 1.344 76.989 0.861 5.061 No
18.41 0.664 2.714 0.211 1.327 76.046 0.837 5.016 No
19.11 0.651 2.610 0.224 1.312 75.167 0.815 4.954 No
19.41 0.654 2.637 0.221 1.315 75.370 0.820 4.975 No
20.11 0.656 2.654 0.219 1.318 75.506 0.823 4.986 No
20.41 0.655 2.639 0.220 1.317 75.438 0.822 4.968 No
21.11 0.654 2.635 0.221 1.315 75.370 0.820 4.971 No
21.41 0.654 2.635 0.221 1.315 75.370 0.820 4.971 No
22.11 0.659 2.676 0.216 1.321 75.708 0.829 4.997 No
22.41 0.666 2.724 0.209 1.330 76.181 0.840 5.014 No
23.11 0.650 2.605 0.225 1.311 75.099 0.813 4.955 No
23.41 0.628 2.443 0.247 1.285 73.603 0.776 4.869 No
Without Bioxide
08-04-93 0.11 0.613 2.336 0.262 1.267 72.577 0.751 4.811 No
0.41 0.620 2.388 0.255 1.275 73.056 0.763 4.843 No
1.11 0.620 2.388 0.255 1.275 73.056 0.763 4.843 No
1.41 0.604 2.268 0.271 1.256 71.958 0.736 4.767 No
2.11 0.611 2.320 0.264 1.264 72.439 0.748 4.800 No
2.41 0.600 2.240 0.275 1.251 71.682 0.729 4.751 No
3.11 0.571 2.042 0.304 1.216 69.670 0.682 4.635 No
3.41 0.591 2.180 0.284 1.240 71.060 0.715 4.720 No
4.11 0.602 2.259 0.273 1.253 71.820 0.733 4.769 No
4.41 0.606 2.284 0.269 1.258 72.096 0.739 4.779 No
5.11 0.621 2.393 0.254 1.276 73.125 0.764 4.843 No
5.41 0.663 2.706 0.212 1.326 75.979 0.835 5.012 No
6.11 0.656 2.652 0.219 1.318 75.506 0.823 4.982 No
6.41 0.710 3.066 0.165 1.381 79.131 0.916 5.180 No
7.11 0.730 3.222 0.145 1.404 80.461 0.950 5.246 No
7.41 0.765 3.508 0.110 1.445 82.778 1.011 5.370 No
8.11 0.753 3.407 0.122 1.431 81.985 0.990 5.325 No
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Table 16b: Wastewater flow velocity using flow & level data provided by CCSD (KAREN - int)
Test point (Manhole # NFK14).
Diameter o f sewer = 2.3 ft_______ 1 mgd = 1.547 ofs Scour Velocity (Vs) = 1.35 ft/s
Date Time Level
(ft)
Flow
(mgd)
z theta
(radians)
theta
(degrees)
Area
(It2 )
Velocity 
V (ft/s)
Sulfide 
lien. V<Vs
With Bioxide
08-02-93 10.15 1.374 9.438 -0.124 1.670 95.693 2.764 5.283 No
10.45 1.396 9.683 -0.146 1.688 96.707 2.819 5.315 No
11.15 1.386 9.573 -0.136 1.680 96.246 2.794 5.301 No
11.45 1.338 9.033 -0.088 1.641 94.037 2.674 5.226 No
12.15 1.349 9.161 -0.099 1.650 94.543 2.702 5.246 No
12.45 1.321 8.841 -0.071 1.628 93.256 2.632 5.197 No
13.15 1.299 8.605 -0.049 1.610 92.247 2.577 5.166 No
13.45 1.283 8.427 -0.033 1.597 91.513 2.537 5.139 No
14.15 1.294 8.543 -0.044 1.606 92.017 2.564 5.154 No
14.45 1.269 8.272 -0.019 1.586 90.871 2.502 5.115 No
15.15 1.283 8.427 -0.033 1.597 91.513 2.537 5.139 No
15.45 1.276 8.351 -0.026 1.592 91.192 2.519 5.128 No
16.15 1.268 8.261 -0.018 1.585 90.825 2.499 5.113 No
16.45 1.297 8.576 -0.047 1.608 92.155 2.572 5.159 No
17.15 1.300 8.616 -0.050 1.611 92.292 2.579 5.168 No
17.45 1.297 8.579 -0.047 1.608 92.155 2.572 5.160 No
18.15 1.286 8.463 -0.036 1.600 91.650 2.544 5.146 No
18.45 1.285 8.449 -0.035 1.599 91.604 2.542 5.142 No
19.15 1.287 8.467 -0.037 1.600 91.696 2.547 5.143 No
19.45 1.283 8.431 -0.033 1.597 91.513 2.537 5.141 No
20.15 1.289 8.496 -0.039 1.602 91.788 2.552 5.150 No
20.45 1.306 8.677 -0.056 1.616 92.568 2.594 5.174 No
21.15 1.314 8.764 -0.064 1.622 92.935 2.614 5.186 No
21.45 1.251 8.070 -0.001 1.572 90.046 2.457 5.081 No
22.15 1.300 8.616 -0.050 1.611 92.292 2.579 5.168 No
22.45 1.290 8.500 -0.040 1.603 91.834 2.554 5.148 No
23.15 1.284 8.435 -0.034 1.598 91.559 2.539 5.139 No
23.45 1.278 8.366 -0.028 1.593 91.284 2.524 5.127 No
08-03-93 0.15 1.222 7.759 0.028 1.548 88.716 2.384 5.034 No |
0.45 1.246 8.017 0.004 1.568 89.817 2.444 5.074 No
1.15 1.242 7.981 0.008 1.564 89.633 2.434 5.072 No
1.45 1,213 7.659 0.037 1.541 88.304 2.362 5.017 No
2.15 1.182 7.326 0.068 1.516 86.882 2.284 4.961 No
2.45 1.153 7.016 0.097 1.493 85.549 2.212 4.907 No
3.15 1.150 6.981 0.100 1.491 85.411 2.205 4.899 No
3.45 1.003 5.464 0.247 1.372 78.603 1.841 4.592 No
4.15 1.016 5.595 0.234 1.382 79.211 1.873 4.622 No
4.45 1.031 5.750 0.219 1.395 79.910 1.910 4.658 No
5.15 1.032 5.754 0.218 1.395 79.956 1.912 4.655 No
5.45 1.049 5.924 0.201 1.409 80.747 1.954 4.690 No
6.15 1.059 6.034 0 191 1.417 81.211 1.979 4.717 No
6.45 1.096 6.411 0.154 1.447 82.923 2.070 4.790 No
7.15 1.150 6.981 0.100 1.491 85.411 2.205 4.899 No
7.45 1.250 8.063 0.000 1.571 90.000 2.454 5.082 No
8.15 1.306 8.684 -0.056 1.616 92.568 2.594 5.178 No
8.45 1.361 9.285 -0.111 1.660 95.095 2.732 5.259 No
9.15 1.419 9.931 -0.169 1.706 97.770 2.876 5.343 No
9.45 1.392 9.635 -0.142 1.685 96.523 2.809 5.307 No
10.15 1.427 10.026 -0.177 1.713 98.140 2.895 5.357 No
10.45 1.397 9.694 -0.147 1.689 96.754 2.821 5.316 No
11.15 1.387 9.577 -0.137 1.681 96.292 2.796 5.299 No
11.45 1.387 9.584 -0.137 1.681 96.292 2.796 5.302 No
12.15 1.350 9.165 -0.100 1.651 94.589 2.704 5.243 No
12.45 1.330 8.946 -0.080 1.635 93.669 2.654 5.214 No
13.15 1.325 8.888 -0.075 1 6 7 1 93.440 2.642 5.205 No
13.45 1.303 8.645 -0.053 1.013 92.430 2.587 5.170 No
14.15 1.302 8.641 -0.052 1.612 92.384 2.584 5.173 No
14.45 1.294 8.547 -0.044 1.606 92.017 2.564 5.156 No
15.15 1.311 8.732 -0.061 1.620 92.797 2.607 5.182 No
15.45 1.250 8.063 0.000 1.571 90.000 2.454 5.082 No
16.15 1.256 8.132 -0.006 1.576 90.275 2.469 5.095 No
16.45 1.298 8.594 -0.048 1.609 92.201 2.574 5.164 No
17.15 1.295 8.561 -0.045 1.607 92.063 2.567 5.160 No
17.45 1.294 8.547 -0.044 1.606 92.017 2.564 5.156 No
18.15 1.281 8.409 -0.031 1.596 91.421 2.532 5.138 No
18.45 1.285 8.445 -0.035 1.599 91.604 2.542 5.140 No
19.15 1.283 8.427 -0.033 1.597 91.513 2.537 5.139 No
19.45 1.265 8.229 -0.015 1.583 90.688 2.492 5.109 No
20.15 1.263 8.207 -0.013 1.581 90.596 2.487 5.105 No
20.45 1.244 7.995 0.006 1.566 89.725 2.439 5.070 No
21.15 1.263 8.204 -0.013 1.581 90.596 2.487 5.103 No
21.45 1.277 8.359 -0.027 1.592 91.238 2.522 5 128 No
22.15 1.265 8.232 -0.015 1.583 90.688 2.492 5.111 No
22.45 1.243 7.984 0.007 1.565 89.679 2.437 5.068 No
23.15 1.248 8.042 0.002 1.569 89.908 2.449 5.079 No
23.45 1.216 7.691 0.034 1.544 88.441 2.369 5.022 No
Without Bioxide
08-04-93 0.15 1.209 7.616 0.041 1.538 88.120 2.352 5.010 No
0.45 1.215 7.677 0.035 1.543 88.396 2.367 5.018 No
1.15 1.185 7.357 0.065 1.519 87.019 2.292 4.966 No
1.45 1.159 7.076 0.091 1.498 85.825 2.227 4.915 No
2.15 1.136 6.835 0.114 1.479 84.767 2.170 4.873 No
2.45 1.126 6.728 0.124 1.471 84.307 2.145 4.853 No
3.15 1.092 6.373 0.158 1.444 82.738 2.060 4.785 No
3.45 1.090 6.353 0.160 1.442 82.646 2.055 4.781 No
4.15 1.093 6.380 0.157 1.445 82.785 2.063 4.784 No
4.45 1.008 5.510 0.242 1.376 78.837 1.853 4.600 No
5.15 1.031 5.750 0.219 1.395 79.910 1.910 4.658 No
5.45 1.032 5.754 0.218 1.395 79.956 1.912 4.655 No
6.15 1.074 6.190 0.176 1.430 81.906 2.016 4.750 No
6.45 1.103 6.490 0.147 1.453 83.246 2.088 4.809 No
7.15 1.146 6.940 0.104 1.488 85.227 2.195 4.892 No
7.45 1.209 7.616 0.041 1.538 88.120 2.352 5.010 No
8.15 1.303 8.645 -0.053 1.613 92.430 2.587 5.17() No
8.45 1.346 9.121 -0.096 1.648 94.405 2.694 5.237 No
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Potential cause of odors in CCSD sewers
Dr. David Paulsen (Personal communication, 1994), CCSD has mentioned recently that 
using sodium hydroxide (caustic) in some of CCSD’s sewer lines attenuated odors for several days. 
The purpose o f  shock dosing with sodium hydroxide is to raise the pH of a slug o f  sewage to a high 
enough level to inactivate the bacteria in the slime layer which reduce sulfate to sulfide (ASCE, 
1989).
Hence, slime growth on the sewer walls would be the major cause o f odors in sewers.
Cost Analysis
A spreadsheet for analyzing chemical, labor and equipment costs was developed (Tables 
17-19). Total in-plant chemical costs without Bioxide were $ 7,449 a day or $ 2,718,885 a year 
(Table 17b) and with Bioxide were $ 7,683 a day or $ 2,804,295 a year (Table 17c). Chemical 
costs increased by $ 234 a day or $ 85,140 a year with Bioxide. Considering the average pay for 
labor as S 17/hr (without benefits), the labor costs without Bioxide were $ 242 a day or $ 88,330 
a year (Table 18b) and with Bioxide were $ 167 a day or $ 60,995 a year (Table 18c). There was 
a labor cost savings o f  $ 75 a day or $ 27,375 a year. Considering the life time for Bioxide stations 
as 10 yrs, the capital cost was $ 7,080 a year (Table 19). The usage o f chlorine, hypochlorite, 
ferrous chloride, polymer and OCA 21 was stopped with Bioxide treatment.
Note : Capital costs were determined using the data taken after the pilot study, considering 8 
stations (6  o f  4400 gal. capacity and 2 o f  6600 gal. capacity) instead of the 9 stations (6  o f 4400 
gal. capacity and 3 o f  1500 gal. capacity) used during the pilot study. The capital cost difference 
was assumed to be negligible.
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NOTES
Prashun, A. L., Fundamentals o f  Hydraulic Engineering, Holt, Rinehart and Winston, New York, 
NY, 1987, pp. 240-241.
Stumm, W., J. J. Morgan, Aquatic Chemistry: An Introduction emphasizing Chemical Equilibria 
in Natural Water, p. 755.
CHAPTER 6
CONCLUSIONS & RECOM M ENDATIONS 
Conclusions
Bioxide treatment reduced sulfides and odor complaint frequency during the study period. 
Analytical data indicated that total dissolved sulfide concentrations were usually reduced to less than 
0.1 ppm and free sulfide concentrations reduced to 0.0 ppm. Frequency o f odor complaints 
declined, indicating a reduction in noticeable odors. Bioxide consumption by the wastewater 
exceeded 96%.
Sewer life could be increased with consistent usage o f Bioxide, as sulfide-based corrosion 
will be reduced due to lower sulfide concentrations in the sewer water and headspaces. Cost 
savings from increased sewer life could be significant.
Bioxide is also less hazardous and easier to handle than other odor control compounds, 
reducing risks to operators and maintenance personnel.
There will be a slight increase in chemical costs and a decrease in labor costs if Bioxide 
is adopted by CCSD. Overall total cost increased by $ 57,765 a year.
This study was conducted during the hottest season when sulfide generation is maximized. 
The required Bioxide dosage might decline during the winter season due to decreased biological 
activity in the sewer lines. This would further decrease the required chemical costs.
Investigation o f  three possible mechanisms o f sulfide generation i.e., (a) high BOD in 
wastewater leads to anaerobic conditions, (b) wastewater flow velocities less than scour velocity 
result in anaerobic conditions, (c) generation o f slime layer on the pipe walls o f  the sewer, in the
92
Karen line revealed that the slime growth on the sewer walls was the major cause.
93
Recom m endations
The following are the investigations to be done for further research.
The effect o f Bioxide on the treatment plant operations has to be investigated i.e., TSS,
sludge density etc.
The three possible mechanisms of sulfide generation investigated for Karen line have to 
be extended to ail the other lines.
A predictive model for generation of sulfide in sewers has to be developed.
Proper Bioxide dosage, Bioxide pump time settings and location o f Bioxide feed stations 
have to be determined for optimization o f Bioxide usage.
The effect o f  periodic slugs o f caustic addition to inactivate the slime layer along with
calcium nitrate dosing on chemical costs has to be determined.
APPENDIX A
Raw Monitoring Data and Equilibrium H2S Gas Phase Calculations
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Table A la: Measurements o f  Bioxide tank levels (DESERT INN).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-22-93 14.45 4000.00
06-23-93 12.00 3700.00 300.00 21.25 14.12
06-24-93 11.20 3400.00 300.00 23.33 12.86
06-25-93 15.30 3100.00 300.00 28.16 10.65
06-30-93 12.00 3800.00 700.00 116.50 6.01
07-02-93 8.50 3530.00 270.00 45.16 5.98
07-03-93 11.50 3325.00 205.00 27.00 7.59
07-04-93 12.05 3050.00 275.00 24.25 11.34
07-05-93 9.00 2800.00 250.00 20.92 11.95
07-06-93 12.15 4000.00 filled
07-09-93 10.30 3125.00 875.00 70.25 12.46
07-10-93 18.30 2650.00 475.00 32.00 14.84
07-11-93 11.45 2400.00 250.00 17.25 14.49
07-15-93 4.10 1250.00 1150.00 88.42 13.01
07-16-93 5.00 800.00 450.00 24.83 18.12
07-17-93 5.50 500.00 300.00 24.83 12.08
07-18-93 17.10 3820.00 filled
07-23-93 19.00 2010.00 1813.00 121.83 14.88
07-24-93 12.10 1770.00 240.00 29.00 8.28
07-26-93 15.00 1200.00 570.00 50.83 11.21
07-27-93 7.00 3500.00 filled
07-29-93 7.45 2800.00 700.00 48.75 14.36
07-31-93 7.30 2150.00 650.00 47.75 13.61
08-01-93 8.30 1740.00
08-04-93 6.45 645.00 1095.00 70.25 15.59
Table A lb ; Measurements o f  Bioxide tank levels (SLOAN).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-22-93 14.20 1325.00
06-23-93 14.40 1175.00 150.00 24.33 6.17
06-24-93 11.00 1060.00 115.00 23.66 4.86
06-25-93 14.00 900.00 160.00 27.00 5.93
06-30-93 12.40 1240.00 tilled
07-02-93 8.30 1140.00 100.00 35.83 2.79
07-03-93 11.30 980.00 160.00 27.00 5.93
07-04-93 11.40 845.00 135.00 24.16 5.59
07-05-93 8.40 740.00 105.00 21.00 5.00
07-06-93 12.45 1500.00 filled
07-09-93 9.20 1275.00 225.00 68.58 3.28
07-10-93 18.05 1170.00 105.00 32.75 3.21
07-11-93 11.20 1110.00 60.00 17.25 3.48
07-12-93 10.35 1000.00 110.00 23.25 4.73
07-15-93 3.36 760.00 240.00 65.02 3.69
07-16-93 1.15 670.00 90.00 21.65 4.16
07-17-93 5.30 550.00 120.00 28.25 4.25
07-18-93 16.45 400.00 150.00 37.25 4.03
07-23-93 20.00 empty turned pumps off
07-24-93 11.55 empty
07-26-93 14.45 1500.00 filled turned back on
07-27-93 14.25 1400.00 100.00 23.66 4.23
07-31-93 7.15 1030.00 370.00 88.83 4.17
08-01-93 8.15 925.00
08-04-93 7.45 540.00 385.00 71.50 5.38
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Table A le: Measurements o f  Bioxide tank levels (ELV 1).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-23-93 15.50 4000.00
06-24-93 15.45 3900.00 100.00 23.92 4.18
07-02-93 13.00 2800.00 1100.00 214.75 5.12
07-05-93 10.25 2550.00 250.00 69.42 3 60
07-09-93 13.30 3400.00 tilled
07-11-93 13.20 3150.00 250.00 48.00 5.21
07-12-93 18.45 3000.00 150.00 29.42 5.10
07-15-93 6.00 2020.00 980.00 59.25 16.54
07-16-93 5.55 1800.00 220.00 23.92 9.20
07-17-93 7.00 1740.00 60.00 25.08 2.39
07-24-93 13.15 740.00 1000.00 174.25 5.74
07-27-93 13.45 350.00 390.00 72.50 5 38
07-31-93 9.20 700.00 filled
08-01-93 15.05 550.00
08-03-93 13.45 25.00 300.00 46.67 6.43
08-04-93 8.15 100.00 150.00 18.50 8.11
Table A id : Measurements o f  Bioxide tank levels (ELV 2).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-23-93 15.00 4250.00
06-24-93 15.45 4200.00 50.00 24.75 2.02
07-02-93 12.30 2800.00 1400.00 213.25 6.57
07-05-93 10.10 3630.00 filled
07-06-93 9.05 3550.00 80.00 22.92 3.49
07-09-93 13.40 3290.00 260.00 76.58 3.40
07-11-93 13.30 3190.00 100.00 47.83 2.09
07-12-93 18.55 3100.00 90.00 29.42 3.06
07-15-93 6.15 2960.00 140.00 59.33 2.36
07-16-93 6.05 2890.00 70.00 23.83 2.94
07-17-93 7.10 2790.00 100.00 23.08 4.33
07-24-93 13.30 2300.00 490.00 162.33 3.02
07-27-93 14.00 2100.00 200.00 72.50 2.76
07-31-93 9.30 1860.00 240.00 100.50 2.39
08-01-93 15.15 1800.00
08-04-93 8.10 1560.00 240.00 65.08 19.05
Table A le: Measurements o f Bioxide tank levels (NELLIS).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(Ins)
Bioxide add rate 
(gal/hr)
06-22-93 14.15 1375.00
06-23-93 14.25 1290.00 85.00 24.17 3.52
06-24-93 10.45 1225.00 65.00 20.33 3.20
07-02-93 8.15 1330.00 tilled
07-03-93 11.15 1235.00 95.00 27.00 3.52
07-04-93 11.10 1150.00 85.00 23.92 3.55
07-05-93 8.25 1075.00 75.00 21.25 3.53
07-06-93 12.45 1500.00 filled
07-09-93 13.10 1245.00 255.00 72.42 3.52
07-10-93 17.50 1150.00 95.00 28.67 3.31
07-11-93 11.00 1080.00 70.00 17.17 4.08
07-12-93 10.25 970.00 110.00 23.42 4.70
07-15-93 3.15 750.00 220.00 64.83 3.39
07-16-93 5.10 660.00 90.00 25.92 3.47
07-17-93 5.15 580.00 80.00 24.08 3.32
07-18-93 16.20 725.00 filled
07-23-93 19.45 290.00 435.00 123.42 3.52
07-24-93 11.45 230.00 60.00 16.00 3.75
07-26-93 14.30 1350.00 filled
07-27-93 14.15 1260.00 90.00 23.75 3.79
07-29-93 7.55 1130.00 130.00 41.67 3.12
07-31-93 7.00 960.00 170.00 47.08 3.61
08-01-93 8.00 875.00
08-04-93 7.30 590.00 285.00 71.50 3.99
Table A lf:  Measurements o f  Bioxide tank levels (KAREN).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(Ins)
Bioxide add rate 
(gal/hr)
06-22-93 15.00 710.00
06-23-93 11.25 550.00 160.00 20.42 7.84
06-24-93 14.00 340.00 210.00 22.58 9.30
06-25-93 10.40 190.00 150.00 20.67 7.26
07-02-93 9.10 800.00 . tilled
07-03-93 12.15 590.00 210.00 7.08 7.75
07-04-93 12.35 1350.00 tilled
07-05-93 9.30 1160.00 190.00 20.92 9.08
07-06-93 11.00 935.00 225.00 22.50 10.00
07-10-93 18.45 620.00 305.00 89.75 3.40
07-11-93 12.15 550.00 70.00 17.50 4.00
07-12-93 15.50 490.00 60.00 27.58 2.18
07-14-93 23.45 370.00 120.00 55.92 2.15
07-16-93 4.40 300.00 70.00 28.92 2.42
07-17-93 6.25 240.00 60.00 25.75 2.33
07-18-93 17.30 160.00 80.00 35.08 2.28
07-23-93 17.30 empty turned pumps off
07-24-93 12.50 empty
07-26-93 empty
07-27-93 empty
07-28-93 empty
07-29-93 empty
07-30-93 7.20 1460.00 tilled
07-31-93 8.00 1260.00 200.00 24.66 8.11
08-01-93 12.00 1050.00 210.00 28.00 7.50
08-02-93 11.20 860.00 190.00 23.34 8.14
08-03-93 11.20 690.00 190.00 24.00 7.92
08-04-93 7.00 Bioxide shut off
08-05-93 Bioxide shut off
Table A lg: Measurements o f  Bioxide tank levels (TWAIN).
Date Time Tank level
(gal)
Gallons used 
(gal)
Time used 
(Ins)
Bioxide add rate 
(gal/hr)
06-22-93 15.50 3500.00
06-23-93 11.50 3250.00 250.00 20.00 12.50
06-24-93 13.30 2760.00 490.00 25.66 19.10
06-25-93 11.15 2470.00 290.00 22.25 13.03
07-02-93 9.00 540.00 1930.00 141.75 13.62
07-03-93 12.30 145.00 395.00 27.50 14.36
07-04-93 12.20 3000.00 filled
07-05-93 9.10 2640.00 360.00 20.83 17.28
07-06-93 11.20 2130.00 510.00 22.16 23.01
07-10-93 7.05 300.00 1832.00 92.75 19.75
07-11-93 12.00 50.00 250.00 29.08 8.60
07-12-93 15.30 turned off
07-15-93 0.00 2500.00 tilled
07-16-93 4.15 1800.00 700.00 28.25 24.78
07-17-93 6.00 1250.00 550.00 25.75 21.36
07-18-93 17.45 695.00 555.00 29.75 18.66
07-23-93 19.15 2290.00 tilled
07-24-93 12.30 1990.00 300.00 17.25 17.39
07-26-93 10.05 tilled
07-27-93 12.45 3300.00
07-30-93 7.00 2050.00 1250.00 66.25 18.87
07-31-93 7.45 1600.00 450.00 24.75 18.18
08-01-93 8.45 1260.00
08-04-93 7.20 300.00 960.00 70.58 13.60
Table A lh: Measurements o f  Bioxide tank levels (MOUNTAIN VISTA).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-22-93 15.30 1840.00
06-24-93 15.35 1670.00 170.00 23.66 7.19
06-25-93 9.30 1600.00 70.00 20.92 3.35
07-02-93 10.10 1920.00 filled
07-03-93 13.15 1830.00 90.00 27.08 3.32
07-04-93 13.00 1750.00 80.00 23.75 3.37
07-05-93 9.45 1685.00 65.00 20.75 3.13
07-06-93 13.30 2200.00 filled
07-09-93 13.20 1900.00 300.00 71.83 4.18
07-10-93 19.35 1785.00 115.00 30.25 3.80
07-11-93 12.35 1710.00 75.00 17.00 4.41
07-12-93 18.00 1610.00 100.00 29.42 3.40
07-15-93 0.40 1400.00 210.00 52.67 3.99
07-16-93 5.30 1300.00 100.00 28.83 3.47
07-17-93 6.45 1200.00 100.00 25.25 3.96
07-18-93 18.10 1070.00 130.00 35.42 3.67
07-23-93 21.00 780.00 290.00 122.83 2.36
07-24-93 13.00 680.00 100.00 16.00 6.25
07-27-93 13.00 320.00 360.00 72.00 5.00
07-30-93 15.30 empty turned off
07-31-93 8.45 empty
08-01-93 14.50 empty
08-04-93 empty
Table A li: Measurements of Bioxide tank levels (SPA).
Date Time Tank level 
(gal)
Gallons used 
(gal)
Time used 
(hrs)
Bioxide add rate 
(gal/hr)
06-23-93 10.50 3750.00
06-25-93 10.00 3700.00 50.00 ' 47.17 1.06
06-30-93 9.00 3490.00 210.00 119.00 1.76
07-02-93 14.10 3360.00 130.00 76.83 1.69
07-06-93 10.15 3180.00 180.00 96.75 1.86
07-09-93 11.00 3075.00 105.00 71.25 1.47
07-12-93 16.20 2850.00 225.00 77.33 2.91
07-14-93 22.55 2760.00 90.00 54.58 1.65
07-23-93 22.30 1750.00 1010.00 215.58 4.69
07-27-93 15.30 1300.00 450.00 89.00 5.06
07-30-93 8.30 3800.00 tilled
07-31-93 8.30 3680.00 120.00 24.00 5.00
08-01-93 14.30 2600.00
08-17-93 9.30 700.00 1900.00 379.00 5.01
08-18-93 11.25 600.00 100.00 21.92 4.56
08-19-93 12.10 filled
Table A2a: Intensive testing with Bioxide (TWAIN).
Date Time Manhole
#
PH Temp.
(C)
Free
Sulfide
(PPm)
Total
Sulfide
(ppm)
Gasteeh
H2S
(ppm)
Residual
N 03
(ppm)
Applied
N 03
(gal/hr)
07-26-93 11.03 T47 7.12 30.30 0.00 0.10 0.00 0.30
11.23 T43 7.17 27.90 0.00 0.00 0.10 0.30
11.40 T35 7.47 28.10 0.00 0.00 0 26
12.00 T21 7.43 27.60 0.00 0.00 0.20
12.15 T4 0.00 0.00 0.10 0.10
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Table A2b: Intensive testing with & without Bioxide (KAREN).
Date Time Manhole
#
PH Temp.
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Gasteeh
H2S
(ppm)
Residual
N 03
(ppm)
Applied
N 03
(gal/hr)
with Bioxide
07-30-93 12.25 KA81A 7.22 29.40 0.10 0.30 0.10
13.01 KA53 7.36 29.90 0.10 0.10 0.32
13.12 KA31 7.38 28.90 0.10 0.10 0.30
13.32 KA12 7.04 29.00 0.10 0.10 0.26
13.47 NFK14 7.34 28.90 0.10 0.10 0.14
07-31-93 11.55 KA81A 7.35 29.60 0.10 0.30 0.50 0.16 8.11
12.20 KA53 7.44 29.50 0.00 0.00 1.90 0.28
12.38 KA31 7.43 29.60 0.00 0.00 0.60 0.22
12.55 KA12 7.46 29.70 0.00 0.00 0.30 0.12
13.17 NFK14 7.24 29.40 0.10 0.10 0.40 0.08
08-01-93 11.50 KA81A 7.43 30.80 0.10 0.50 2.00 0.14 7.50
12.17 KA53 7.48 29.70 0.00 0.00 1.00 0.30
12.33 KA31 7.56 29.80 0.00 0.00 0.50 0.20
12.50 KA12 7.46 29.10 0.00 0.00 0.00 0.10
13.07 NFK14 7.41 30.00 0.00 0.00 0.00 0.06
08-02-93 11.10 KA81A 7.73 29.80 0.20 0.50 0.80 8.14
11.40 KA53 7.48 30.60 0.00 0.00 0.00
11.50 KA31 7.41 29.50 0.00 0.00 0.40
12.13 KA12 7.46 29.90 0.00 0.00 0.00
12.25 NFK14 7.47 29.96 0.00 0.00 0.60
08-03-93 11.20 KA81A 7.54 30.10 0.10 0.50 2.00 7.92
11.47 KA53 7.64 29.40 0.00 0.00 1.80
12.00 KA31 7.54 29.50 0.00 0.00 0.00
12.15 KA12 7.57 29.10 0.00 0.10 0.30
12.30 NFK14 7.55 2 9 .2 0 1 0.00 0.00 0.50
without Bioxide
07-27-93 11.00 KA81A 7.45 30.80 0.10 0.50 1.40 empty
07-28-93 11.05 KA81A 7.29 29.70 trace 0.10 1.50 0.08 empty’
11.30 KA53 7.37 29.70 0.30 0.50 8.40 0.06
11.46 KA31 6.87 29.10 0.30 1.00 2.80 0.02
12.10 KA12 7.36 29.70 0.10 0.60 2.80 0.02
12.35 NFK14 7.34 29.30 0.30 0.60 6.10 0.02
07-29-93 11.50 KA81A 7.48 28.20 0.10 0.20 1.70 0.02 empty’
12.15 KA53 7.45 29.10 0.30 0.50 5.20 0.00
12.29 KA31 7.42 28.90 0.30 0.50 1.40 0.00
12.47 KA12 7.24 29.00 0.10 0.70 1.60 0.00
13.10 NFK14 7.35 28.80 0.30 0.40 4.60 0.02
08-04-93 11.35 KA81A 7.32 29.50 0.10 0.30 0.80
12.05 KA53 7.29 29.20 0.50 0.90 8.90
12.20 KA31 7.31 29.50 0.40 0.50 3.20
12.30 KA12 7.36 29.00 0.40 0.70 3.10
12.48 NFK14 7.37 29.30 0.10 0.40 2.90
08-05-93 11.50 KA81A 7.32 28.90 0.30 0.60 2.30
12 10 KA53 7.51 29.60 0.30 0.70 11.40
12.25 KA31 7.33 29.10 0.10 0.50 2.90
12.45 KA12 7.38 29.00 0.20 0.50 3.10
13.00 NFK14 7.39 29.50 0.10 0.50 8.20
Table A2c: Measurements with & without Bioxide (SL.OAN).
Date Time PH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 10.20 0.00 0.50
06-23-93 9.30 0.00 0.60 6.17
06-24-93 9.50 0.00 0.12 4.86
06-25-93 12.05 0.00 0.14 5.93
06-29-93 8.50 0.00 0.90
06-30-93 15.00 trace 0.08
07-01-93 10.55 7.99 28.40 trace 0.30 0.08
07-02-93 8.10 8.01 26.40 0.00 0.10 0.34 2.79
07-06-93 8.30 8.10 27.60 0.00 0.00 0.06
07-08-93 13.00 7.70 29.30 0.10 0.50 0.10
07-12-93 7.45 7.50 27.80 0.40 0.40 0.02 4.73
07-13-93 17.20 7.57 28.50 0.10 0.30 0.02
07-15-93 1.10 7.76 26.50 0.00 0.00 0.72 3.69
07-16-93 0.20 7.43 26.50 0.10 0.50 0.00 4.16
08-04-93 Bioxide was shut off except for SPA line
08-05-93 8.30 7.93 28.20 0.10 0.50
08-12-93 8.15 7.98 27.80 trace 0.20 0.00
08-18-93 8.10 7.95 26.00 0.10 0.20 0.02
08-19-93 9.45 7.87 29.00 0.30 0.90
08-24-93 7.25 7.96 26.10 0.00 0.20
Table A2d: Measurements with & without Bioxide (ELV 1 & 2).
Date Time PH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 10.23 0.00 0.50
06-23-93 9.45 0.00 > 1.00
06-24-93 10.00 0.00 0.82
06-25-93 12.10 0.00 0.20
06-29-93 13.40 trace 0.12
07-01-93 11.00 7.99 28.40 trace 0.30 0.08
07-02-93 8.15 7.39 27.10 0.30 1.50 0.04
07-06-93 8.35 7.79 26.20 0.00 0.00 0.50
07-08-93 13.15 7.64 28.00 0.00 0.00 0.60
07-12-93 19.55 7.59 27.60 0.00 0.00 0.20
07-13-93 17.25 7.61 27.30 0.00 0.00 0.08
07-15-93 2.15 7.39 24.80 0.50 1.20 0.00
07-16-93 0.25 7.66 24.60 0.00 0.00 0.26
08-04-93 Bioxide was shut off exce 5t for SPA line
08-05-93 8.30 7.58 26.40 1.50 3.00 0.00
08-12-93 8.25 7.56 26.10 4.00 4.00 0.00
08-18-93 8.15 7.34 24.90 1.50 * high
sulfide ion tube = 10.00
08-19-93 9.55 7.75 27.40 4.00 4.00
08-24-93 7.30 7.56 25.20 4.00 3.00
sulfide ion tube = 6.00
* high: beyond range o f test kit
Table A2e: Measurements with & without Bioxide (NELLIS).
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Date Tune pH Temp
(O
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 14.00 0.10 0.32
06-29-93 9.35 0.00 0.30
07-02-93 10.45 7.54 28.00 0.00 0.20 0.18
07-06-93 9.45 7.68 27.30 0.00 0.20 0.24
07-08-93 11.40 7.49 30.30 0.00 0.30 0.18
07-13-93 22.10 7.33 27.60 0.30 1.00 0.20
07-15-93 3.00 7.41 26.00 0.00 0.00 0.16 3.39
07-16-93 2.45 7.43 25.90 0.00 0.00 0.60 3.47
08-04-93 Bioxide was shut off except for SPA line
08-12-93 9.15 7.71 29.00 0.20 0.50 0.00
08-19-93 10.45 7.67 29.50 0.30 1.00
08-24-93 8.10 7.71 27.10 0.10 0.30
Table A2f: Measurements with & without Bioxide (KAREN).
Date Tune pH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 11.42 0.00 0.36
06-29-93 9.45 0.00 0.20
07-02-93 11.30 7.36 27.90 0.00 0.10 0.12
07-06-93 10.05 7.45 28.00 0.00 0.30 0.08
07-08-93 12.00 7.33 29.10 0.00 0.10 0.08
07-13-93 23.05 7.17 26.80 0.40 0.80 0.02
07-15-93 3.50 7.34 25.40 0.00 0.00 0.02
07-16-93 3.00 7.29 25.00 0.00 0.00 0.08
08-04-93 Bioxide was shut off except for SPA line
08-12-93 9.50 7.65 29.60 0.00 0.10 0.00
08-19-93 11.00 7.61 28.50 0.10 0.20
08-24-93 8.20 7.58 26.50 0.00 0.10
Table A2g: Measurements with & without Bioxide (TWAIN).
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Date Time pH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 11.25 0.00 0.24
06-29-93 0.00 0.26
07-02-93 11.05 7.31 28.00 0.00 0.10 0.20
07-06-93 9.30 7.47 24.40 0.00 0.00 0.22
07-08-93 12.25 7.24 30.00 0.00 trace 0.16
07-12-93 22.10 7.27 27.30 trace 0.20
07-13-93 23.25 7.19 26.70 0.00 trace 0.72
07-15-93 2.45 7.30 26.30 0.00 0.00 0.50
07-16-93 3.20 7.30 25.30 0.00 0.00 0.70
08-04-93 Bioxide was shut off exce }t for SPA line
08-12-93 9.00 7.53 28.10 0.00 0.20 0.00
08-19-93 11.05 7.43 28.60 0.00 0.00
08-24-93 8.40 7.58 27.30 0.00 0.10
Table A2h: Measurements with & without Bioxide (MOUNTAIN VISTA).
Date Time PH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bioxide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 14.15 0.00 0.12
06-25-93 9.10 0.00 0.08 3.35
07-02-93 12.00 7.73 29.30 0.00 0.10 0.08
07-08-93 11.25 7.34 30.00 0.30 0.70 0.10
07-12-93 19.05 7.67 28.40 0.10 0.10 0.02 3.40
07-13-93 18.05 7.57 28.30 0.10 0.20 0.02
07-15-93 1.00 7.32 26.00 0.30 0.50 0.00 3.99
07-16-93 3.50 7.45 25.30 0.20 0.10 0.02 3.47
08-04-93 Bioxide was shut off exce rt for SPA line
08-12-93 10.45 7.85 29.70 0.20 0.50 0.02
08-19-93 11.20 7.69 28.40 0.10 0.40
08-24-93 9.00 7.92 29.00 0.20 0.40
Table A2i: Measurements with & without Bioxide (SPA).
Date Time PH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
Bic.fide 
add rate 
(gal/hr)
06-21-93 Treatment with Bioxide was started
06-22-93 15.10 0.00 trace
06-24-93 14.50 0.10 0.04
07-01-93 8.35 7.93 27.30 0.00 0.00 0.06
07-02-93 12.50 7.65 29.20 0.00 0.10 0.32 1.69
07-06-93 10.15 trace 1.86
07-12-93 21.00 7.43 29.00 0.20 0.40 0.02
07-14-93 22.10 7.40 28.50 0.50 0.60 0.02
07-15-93 22.35 7.46 28.10 0.20 0.40 0.00
07-23-93 20.30 7.50 28.80 0.00 0.00 0.25 4.69
22.00 7.51 28.30 0.00 0.00 0.30
08-04-93 Bioxide was shut off except for SPA line
08-12-93 11.20 8.38 30.90 0.00 0.00 0.70
08-19-93 11.35 7.94 30.80 0.00 0.00 0.20
Table A2j: Measurements with & without Bioxide (HEADWORKS).
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Date Time Flow
(mgd)
PH Temp
(C)
Free
Sulfide
(ppm)
Total
Sulfide
(ppm)
Nitrate
(ppm)
06-21-93 Treatment with Bioxide was started
06-22-93 9.20 0.00 0.30
16.25 trace 0.12
06-23-93 8.10 7.73 26.30 0.00 0.00 0.54
10.00 0.00 0.04
11.15 0.00 0.08
12.00 trace
12.45 0.00 0.24
14.15 0.00 0.22
15.00 0.00 0.22
16.00 0.00 0.20
06-24-93 8.40 0.00 0.38
10.10 0.00 0.14
12.30 0.00 0.20
16.00 0.00 0.18
06-25-93 7.50 7.49 24.90 0.00 0.70
11.45 0.00 0.16
14.50 0.00 0.24
06-28-93 14.00 0.00 0.18
15.00 0.00 0.18
16.00 0.00 0.20
17.00 0.00 0.20
18.00 0.00 0.26
19.00 0.00 0.36
20.00 0.00 0.40
21.00 trace 0.30
22.00 trace 0.22
22.20 0.00 0.22
06-29-93 8.20 7.61 26.20 0.00 0.60
11.15 0.00 0.08
14.00 0.00 0.24
15.00 0.00 0.30
06-30-93 7.55 0.00 0.80
15.50 0.00 0.18
07-01-93 9.45 7.46 28.10 0.00 0.00 0.06
07-02-93 7.30 7.36 25.80 0.00 0.20 0.60
07-06-93 7.15 7.34 25.00 0.00 0.00 0.50
07-07-93 8.15 0.00 0.70
9.20 0.00 0.10
10.15 0.00 0.12
11.15 0.00 0.10
12.00 0.00 0.10
13.00 0.00 0.10
14.00 0.00 0.18
07-08-93 13.40 7.34 29.50 0.00 0.10 0.10
07-10-93 20.10 0.00 0.10 0.46
07-12-93 19.25 66.90 7.34 27.50 0.20 0.20 0.10
21.35 66.00 7.33 27.50 0.20 0.30 0.13
23.05 62.00 7.34 26.70 trace 0.10 0.80
07-13-93 14.50 65.00 7.34 29.80 0.00 0.10 0.52
15.55 7.27 26.60 0.00 0.10 0.58
16.50 7.25 27.60 0.00 0.00 0.24
19.15 67.00 7.26 27.70 0.00 0.10 0.52
07-14-93 8.00 47.43 0.00 0.75
8.30 0.00 0.75
9.00 61.64 0.00 0.76
9.30 0.00 0.50
10.00 71.64 0.00 0.30
10.30 0.00 0.30
11.00 74.61 0.00 0.25
11.30 0.00 0.24
21.00 66.19 trace 0.20
21.30 trace 0.20
22.00 64.16 trace 0.40
22.30 0.00 0.42
23.00 61.87 0.00 0.51
23.30 trace 0.55
07-15-93 0.00 59.90 trace 0.56
0.30 trace 0.52
1.00 55.98 trace 0.50
1.30 0.00 0.50
2.00 50.19 0.00 0.50
2.30 0.00 0.60
3.00 43.73 0.00 0.60
3.30 0.00 0.70
4.00 39.09 0.00 0.80
4.30 0.00 0.80
5.00 35.86 0.00 0.90
5.30 0.00 1.00
6.00 34.57 0.00 0.90
6.30 0.00 0.80
7.00 37.58 0.00 0.75
07-15-93 23.25 60.00 7.26 26.40 trace 0.10 0.50
07-16-93 0.00 56.00 7.25 26.00 0.00 0.10 0.50
07-20-93 6.50 38.00 7.27 25.30 0.00 0.00 0.72
8.00 48.00 7.37 27.30 0.00 0.00 0.52
9.00 59.00 7.49 28.30 0.00 0.00 0.40
10.00 57.00 7.47 28.30 0.00 0.10 0.26
11.00 60.00 7.40 28.90 0 00 0.10 0.20
12.10 59.80 7.31 28.80 0.00 0 10 0 18
13.00 58.60 7.23 28.50 0.00 0.20 0.08
14.00 55.10 7.16 29.00 trace 0.30 0.08
15.00 53.00 7.23 27.40 0.00 0.20 0.04
07-21-93 7.00 31.00 7.30 25.60 0.00 0.10 0.82
8.00 48.50 7.38 26.40 0.00 0.10 0.76
9.00 59.20 7.45 27.50 0.00 0.10 0.60
10.00 66.20 7.42 28.30 0.00 0.10 0.30
11.30 66.60 7.33 28.80 0.00 0.00 0.26
12.00 66.70 7.24 27.80 0.00 0.10 0.24
13.00 64.20 7.25 28.80 0.00 0.10 0.22
14.00 62.80 7.21 28.90 0.00 0.10 0.22
15.00 59.50 7.19 29.40 0.00 0.10 0.30
07-23-93 18.00 7.58 28.10 0.00 0.00 0.22
08-04-93 Bioxide was shut off except for SPA line
14.30 7.23 28.60 0.20 0.50
21.00 7.27 28.40 0.50 0.80
08-05-93 8.00 7.51 27.00 0.00 0.20
08-10-93 10.30 62.40 7.57 28.50 trace 0.30 0.02
08-11-93 8.00 37.20 7.77 27.20 trace 0.30 0.02
9.00 52.70 7.83 28.40 trace 0.60 0.02
10.00 58.80 7.76 27.50 0.10 0.50 0.02
11.00 58.80 7.71 27.60 trace 0.50 0.02
12.00 61.20 7.70 27.70 0.20 0.70 0.02
13.00 57.20 7.64 28.20 0.20 0.70 0.02
08-12-93 7.15 7.37 26.10 trace 0.50 0.00
08-13-93 7.00 32.50 7.39 26.50 0.20 0.20 0.02
8.00 40.30 7.39 27.40 0.30 0.50 0.02
9.00 52.40 7.49 28.10 0.30 0.40 0.02
10.00 59.90 7.43 29.20 0.20 0.50 0.06
11.30 61.30 7.35 29.20 0.10 0.70 0.08
12.00 60.20 7.28 29.00 0.30 0.70 0.08
13.00 57.60 7.29 29.20 0.10 0.70 0.02
08-18-93 7.45 7.47 26.60 0.10 0.20 0.00
08-19-93 8.20 7.60 26.70 0.10 0.30
08-20-93 8.00 42.30 7.47 27.10 0.20 0.40
9.00 54.20 7.52 28.40 0.30 0.40
10.00 58.10 7.49 29.60 0.20 0.50
11.30 61.00 7.45 29.20 0.20 0.70
12.00 60.40 7.40 29.40 0.20 0.70
13.00 58.70 7.39 28.00 0.10 0.70
14.00 56.20 7.37 28.90 0.20 1.20
14.30 54.40 7.30 29.20 0.30 0.90
15.00 54.50 7.26 28.80 0.30 1.00
16.00 52.00 7.29 27.70 0.20 0.90 j
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09-02-93 at the berm Chlorine addition was 1500 lbs/dav
13.30 53.60 7.43 28.10 0.10 0.70 0.04
14.00 51.70 7.39 27.70 0.30 0.80 0.04
14.30 50.00 7.38 27.70 0.30 0.80
15.00 50.20 7.26 27.60 0.50 1.20
15.30 50.60 7.36 27.60 0.50 1.00
16.00 49.30 7.31 27.60 0.30 1.00
16.30 49.40 7.23 27.60 0.20 0.80
17.00 50.00 7.31 27.60 0.50 1.00
18.00 51.30 7.41 27.70 0.40 0.90
19.00 51.50 7.31 27.20 0.50 0.90
09-03-93 at the berm Chlorine addition was 3000 lbs/day
13.30 54.50 7.32 27.70 trace 0.30
14.00 52.90 7.28 27.80 trace 0.30
14.30 52.40 7.26 27.80 0.10 1.00
15.00 51.10 7.23 28.00 trace 0.30
15.30 50.60 7.24 27.90 0.00 0.30
16.00 50.50 7.24 28.00 0.00 0.40
16.30 50.80 7.22 27.70 0.20 0.70
17.00 51.20 7.22 28.00 0.20 0.70
18.00 52.50 7.25 28.00 0.10 0.60
19.00 52.50 7.26 27.70 0.40 0.80
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